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ABSTRACT o o

NEURONAL AND HORMONAL INFLUENCES ON THE LIFE-SPAN

— T e e e S e e e s

o Vera Bozovic

The object of this study was to determine whether

. (Dl s e e e o e e = - - A

L

be influenced via neuroendocrine 6athwayé. Three nenveﬂ

blockers.and four hormones were examined for their effect

N

on lifespan.

Nicotine, atropine and procaine are acetylcholine

1

specific nerve blockers. Nicotine and procaine had no

-t

effect on lifespan. In contrast, atropine caused an
increase in rotifer lifespan. It was'¥ound that the
rotifers exposed to atropine ate less fhan control

ratifers:s -This wag,qpserved by monitoring and comparing. -
LY . ' : ‘

their ingestion of neutral red stained Egggmggig. It is
known that dietary restriction increases lifespan in the

rotifer. The mechanism by which atropine extends

lifespan may bgvthrough interference with feedinge thus

imposing dietary restriction on the organism.

-
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hd S \@.,

L4

Al

,
:
y



P

EY

V7
L

‘Groups of rotifers were also exposed to varying
l : . \ o

concentrations of the following Hormones: B—es%radioj,“

A

thyroxine, cortisone and hydrp:ortisone.
The hormone B-estradiol - was toxic to the rotifers.

Thyroxine had no effect on rotifer lifespan. Cortisone

- -

and hydrocortisone. both increased rotiqu lifespan.

¢ .

Cortisone increased the length of the preréproductive and

reprodﬁttiﬁé\Pérfods and the number of ¢gffspring. "While
hydrocﬁrtis&ne increased the rotifer's prereproductive

périod, it caused a decrease in both reprpductive period

and off%pring number. Cortisone and hydrocortisone were
believed to affect the lysosomes in the notifer;

histochemical staining indicated a dec¥ease or p&ésiq{y

[

an alteration in 1y5050me§ in rotifers exposed to

. § » »
cortisone or hydrocortisone. Furthermore, rotifers

[N . ——

exposed to these hormones:were smaller_ in size than
4 . ’
controls. o o

A common mechanism by which éortisdne and

©

Hydrocér}isone increase rotifer lifespan may be by

decreasing cellular breakdown and altéring growth rate.

AN -
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‘dhe two physiological systems which are most

~

important in integrat{gggthe homeostasis; acfﬁvitf and
metabolism of any multicellular organism are the nervous:
system and the endocrine system. For this reason it is
thought ?hat b?th systems must play ;mportant roles in
the control of lLifespan (Adelman & R'ch, 1982). Although
most resedrch on neu;oendocrine control of lifespan has’

N R W
concentrated on' vertebrates and particularly on mammals,

. : ® : .
it is known that invertebrates also have cholinergic

neurons (Barrington, 19 1975) and hormone receptars

(’Barringgon, K275) .

<

In this “thesis, my w?ﬁ; was difected toward

- .

answering two\:;gé}imental questions: (1) What are the*
effects of cholinergic nerve 'blockers on rotifer

( {

, .

lifespan, activity and feeding? and (2) Can rotifer

« &

lifespan and reproduction be influenced by specific .
. A .

hormones?
¢ 7¢he-théo:§;ica1 background and ratioﬁale for these -~

'quesfions will be examined in the sections of the '

introduction which follow.




First, the reason why rotifgré were advantageous 4
experimental organisms 1n a study,of this type is that

they have a short lifespan of 'S to 6 days. Thus many
- . ' '
expemegents can be accomplished 1n a very short period. ,

Furthermore, rotifers are easy to maintain (see
8 - —
"Materials and Methods" section). These organisms

.reproduce by parthenogenesis; rotifers are all femaies ' s

LY
and thus gemetic clones. Male rotifers only occur under

unusual environmental conditions and are rare. Rotifers

have been used succesfullylas eijmeental organisms and
‘ . 0
aging models i the past (Verdoneé=Smith, 1981; Sawadq,

-
-

1983; Beauvaigs and Enesco;ﬁ1985). R
. K

The Nerve Blocker

o el SCmSammes

The interest in studying nerééﬂblockers in ratiferg‘ " '

was initiated Sy previous work'donery Beauvais and o ) ?t
bneéto (1985). I;'that stugy the éf%%cts of"the - {;
acétylgholine specif{c‘nerve blockeﬁ curare on rotifer

lifgspan and activity® level were observed; it was fouhd

that lew concgqtraéions~of cura(é,increased rotifer

lifespan and decreased the activity level of the .
rotifers.’ ) T . , : \ L .
. 2 : Lt N s

& The objective of the présent study was to determine

if any'other_acétylcholine specific nerve blockers have .
n; '

similar éffects on the rotifer Asplapihna brightwelli.:

-, . Y . " ' b . ..:'l'
' . : ‘ e, Lk

L4
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7 ’
Experiments done by Nogrady and Alai (1983) have

*
-

indicated the presence aof acetylcholine (ACh) 1n the
rotifer. Nogrady and Alai d1983) have shown the

ex1stence of acetylcholinesterase, which causes

&

hydraodysis of ACh to acetate and choline, and choline

-~

CoA and choline to form ACh:in twelve rotifer species.
The neuromuscular endplatgs, parasympathetic
paostganglionic synapses and all ganglia in the central

nervous system of vertebrates release the neure
%

; ~transmitter acetylcholine (Guyton, 1981). In the

a

vertebrates, acetylcholine attaches to apa activates two

' differéht,types~of receptors: the nicotinic and

"

/{b\\ muscarinic -receptors.

~

: . . It 18 known that fhé invertebrate groups Nematoda, -
¢

Annelida and glatyhelminthes all posess'acetylcﬁoline

(Leake & Walker, 1980). As far ba® as. 1935, Pantin’.

-

ex&minég differeﬁt animal phyla to determine if

N . cho;inergic'and’adrenergic systems occu}~{n these .
\\\m;iaiap{mals; his conclusion @as that both systems;Q;ré4
present in ;ll coelomates, coelenterates, sponges and

- . ‘protozoans. Since then there‘has been bgéh contradictory

K , and confirminq research done. *Florey (1983) demonstrated

that acefylcholine reyékes a réspoﬁse in tunicate muscle

- . F]

e L L - B ’

acetyltrénsfaré&e, which catalyzes the reaction of acetyl =

-«

~

Ll T

P



Fag, 70

Yo,

_\' .
" whether the rotifer

the slower the metaboli'sm of‘an drganism,.thpalonqer it :

“‘nerve ‘tlockers would support the same theory.

' - )
~ : Co 4

praﬁaraéibns a?d~Futamachi (1972) showed tﬁé flexor

abdominal muscle of a bracﬁyuran crustéceaﬁ 1S ' 4 APTPE

depolarized i1n the presenge\of'acetylcholine; this « . C e
response, was increased by anticholinesgterase énd bldcked

: !
épy D~tubocurarine. Terada (1982) has found that
S R
acetydchol jne causes contr%ction and increased mbtﬁlity*
. e’ . -, .
in the parasitic helminth Angiostrongylus cantonénsis . A

‘(rat lungworm). It was assumed that the equtato}y ’ ' »

' . e

.

because only nicotine agdnisté evoked a response. Lentz

a

and Barrnett (1962) diécovefed ACh in, the nematocyst -

T

. Hischarge of Hydra litorallis ihdicafing the prese?ée,of

———aaas
. '

. . : . 4
ACh in hydrozoans. )

As. mentionad prevjosly, curare, a ‘muscarinic nerve’
o , “« ™

blocke?™, extended rotifer lifespan and decreased activity

level. It is suspected from the these results that the

’ i - N
rotifer has muscaric receptors; the goal of this study !

‘was to confirm this suspicion and also to determine

hag nicotinic receptors. The results - = =

. o . w7,
‘of the curare experiment were interpreted in relation to,

the "rate of living" theory,éf aging, which states that

~

\

lives. It Was‘of'intereé@‘to examine if the use of other
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In vertehrates,- mugcarinic receptors are preserit in
[ ! ' 1

A=

the moton'neurpns whi&h are stxmulatéd by the . " o
. - . L w

-postganélioﬁic cholinergic neurons of the sympathetic

.ot . system and these receptors also occur in all' the motor s
\ . , » .

(ﬁN\\ neurons stimulated by the postganglionic nerves of the
parasympathetic system'in vertebrates (Guytop, 1981).

The sy%apses bet&éen the pre-and postganglionic neurons

»
-'-0 -.“ . , - ,',}* . (\ . . - .
) —_ of.both the -sympathetic and parasympathetic S¥P§emq
. ¢ contain éhe ni&otiﬁic'receptors,'as.do the membranes of

skeletal muscle fibers at the'nédromgsculaf‘junctidn
t (Guyton, 19B1). -~ - .
. R - . e .. 4 4
. L . The,methoq used to block acetylcholing action 4is to

v

o ‘e 6 “
‘ c. introduce ACh specific bleckers; these herve blockers
- > F ] ° [ . . - . s,
TGC) 'S attach to ACh receptors and they do-hot‘allow ACh to .

attach to and activate these receptors.” There are
‘ .- ‘ - o4 - ) , .
blockers specific for nicotinic and muscarinic receptors

. l .
respectively.. In this study, three different nerve
3 - * . , i
Blockers were used; atropine  (muscarinic), nicéotine

{nicotinic) and procaine (nicotinic). These nerve

"blockers have been found to affect. invertebrates other . .

]
—— -
L 4

‘ than the rotifer. ’ . ' . N

- . For example, Yang.(l?BB)'determinea that when

procaine was applied to specific leech néurons, the |

- * , maximuh rgfes of'dépolarization and repolar{zatibn during ) .
' ‘ ' . . ] ) ".‘

i
- o . B
R .
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hd ,

. action potent1als'wés-dééreased. Appa?en%ly pracaine Lo
~ v

ki acted by blockimg sodium permeability during excitation
- LI ) ‘ ‘

. of the neuron, Addition of nicotine to body wall strxpso ) k

and otal rings of the sea anemone . Buonodosoma caisgérum

e e T e See e S N L

i

. caused contraction of the tissues (Mendes, 1984),
. ] . e
Hillman (1983). did activity studies aon the Nematoda
Brugia malayi using various anticholinergic drugs, one

° being atropine. The atropine was added to the medium in
_which the Worms were located and their activity.monitored

~

\ - via an activity monitor. ﬁesults showed that atropine

significanily reduced motor actiwvity in the-ﬁorm.v

°

€ These findings therefore suggest that invertebrates
f do have muscarinic and/or nicotinic receptors, since they .

}lespond to cholinergic nerve blockers. ' .
' . . 9 R
The ‘Hormones .

—— e e s
- .

The importance.and function of hormones in mammalian . ©
<> : - . N

' systems is well established (Guyton, 1981). Hormone
. * s * ¢ he K . )
receptors have recently been observed. in microorgéngsms

and in invertebrates (Martin and épencer, 1983; ' o
Barrington, 1967, 1975). There is reason to believe that
: these Hormones originated éarly in evolution to serve.

some kind of signalling or integrating system.

e~ .The role of hormones in invertebrates is not clear. - o

.

e
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k

Nevertheless, we examined the following question: Could

' hormones effect the lifespan and reproduction of the -~

.
A

rotifer? The hormones used in this étudy were the !
4 ) 3 - \ .
thyroid hormone, thyroxine, the reproductive hormone, B-

B ' .
estradiol and the glucocorticaid hormones, cortisone and

.
’ ' v °
\

hydrocortisone.

. '
. In mammals, thyroxine is stored in the follicles of y !
the thyroid gland and is synthesized by iodides (Guyton,

: . .
@ - 1981). Thyroxine. increases metabolic rate, muscle . \\\\ o
® - . ' '
movement (in excess, -causes erratic and’'vigorous o "
o " - . -
tremours) and increases general ?Ervoué’a;#ibn in 'mammals .- ' //
. "1 P 4 '\/'

- 1 ~ /

(Guyton, 1981). - ¢ . SR e , e

e

1
» PR
'

The rotifer posesses both smoath Ané striated muécle .

: Do 0 , . : L, : .

fibers, visceral and cutaneous -muscles to "hald the . // .

- - ~ * ' R ' ; L]

internal organs in place, as well as a primitive nervous - ;/
B T . . &

? . »

' gystem consisting of-a sac-shaped cérebra;-ganglion S

' i ?

(brain) and some nerve fibers and ‘nerveée cell-bodies. e
4 . A ., . . - F . - !- s . Ly
R . , n . ‘ ,os . - . .
- Tnnervating‘khr sensory areas, muscles and viscera = ., -

! - [

’ T

(Peﬁnak, 19255. Thus, it was of intgrest to Dpservé~iT

' thyroxine had any effect on the muscular system and/or,
| % \ 5!

4
P '

o 'ngrvous éystem’ofﬁthe rotifer. “Thyroxine faceﬁtoﬁs have -

N '

Csaba (1980) found that - .

“

been detected in lower aorganisms;
‘ - 7. the thyrgoxine precursors moro- and diiodothyrosine T

.

-

'y > iﬁérgased the growth rate of ﬁhe,pfotozoa Ig;génzmggg ] :
;—: , vy Y . . K . . . : ! , Do . ) - .
4 @ .\‘/r ) . ’ ’.‘ . . . . - '. . ! - ':’.
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v 4 '

. ' ‘ B : 8
ngifgtgig, suggesting "the presence of thyroxine specific
; ¢ .
- :
" hormone receptors. in this orgpnism. ' -

\

‘In organisms with known estrogens, the estrogens ase - L

. secreted by the ovaries (Guyton, 1481). Eétro@ens are
. - . * . . . ’L‘

} ” -

responsible.iﬁ vertebrates for developmeént of secondary " f

sexual characteristics (sexual maﬁuratidn) of femaﬁi.

organisms (Guytaon, 1981). ' These hormones are all C,

4
\

steroids and are Eynphealzed fram cholesterol or acetyl
. ‘. N

‘coenzyme A. -The most potent of ‘the estrogéns'is'B— .

* -

estradiol. ¥ ' . )

Invertebratgs have been found to posess sex hormones

. - . . °
ABarringtoh, 1978). Crustaceans, for instance, have an . N

o

. N ’ !
ovarian hormone, which is responsible for‘Pocyte

rdevelopment and seconﬁary sexual chag;:teristigs-in.the
B

female which include a brood pouch ( arrington, 1975). :

A ~ 5

Rotifers are much mdre primitive than mammals] but

A

these organisms do reproduce bynpérthenogenesié, have a

- 4

vitellarium and could,theonétfcally possess some type of .

. reproductive hormones, A Even in a pr}zftiVE'orgaﬁigm such *

ect lifespan and . .

as the rotifer, this hormonme might a

- -

v
1

reproduction. . . - '

Cortisone and hydrotortisone are called

I - “ .
.

d}ucocorticoids because they have a sibnificant influence

in increasing gluﬁbée.concentration, yet they‘also reduce




) - ¢ 4 - .,
194 . ! [ hid - “,&%
[ ) -~ - C -
.\ \ ., . T - '
- - . o _ 9 ’
! ﬁrotqin levels in body cells and mobilize fatty écids from _
adipose tissue in mammals (Guyton,lgqel).« 1t has been ’
/ - ° 3 ' R ] . ;
suggested that insufficient levels of_these hormones leads ) 9

L3
\

to fragile lysosomes in skeletal muscle (Hardy, 1981).

=S (.

These hormones arelknown to have anﬁi—inflammétofy act}oﬁ
. r & which'thew)exhibit most ef%eftively by stabilizing '

' lysoéomal'membranés Keliminate rupturing) (Symons, 1969;
Pollo ky, 1941). Lysosomes céntain many ﬁegradativg "

’
. !

are extremely harmful, to the cell if.

releas ean, 1977). During the ‘aging procdss, the .

. o, .
lysosomes become more fragile and break, causing release

of the lytic enzymes which can destroy the cell by-

digesting the cell cpntents (Dean, 1977). '
. - - _ .
. ' Since the rotifer has lysosomes, it seemed useful to

=~ examine if cortisone-and hydrocortisone had any effect on

» o Y

¢ ' lysosomes within the rotifer in conjunction with rotifer

lifespan and'reprdduétion.’
) -Cortisone and hygrocortisone effect’metabolic ‘ .

processes, such as reducing protein metabolism and

increasing lipid metabolism. In mammals, the decreased /.

protein metabolism has various effects such as suppreﬁsion

bf growth in young Aima (less bone growth) decreased
' {

-

collagen in skin and decreased ggowth and replicatioﬁ in

"fibroblasts (Tepperman, ‘1981). :

%
. 7

Y. Sr o1
-3

I ML,
o
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. Ihesg'facts gave-}ise to the question of whether

rdfﬁfer'mepafoiism or growth couwld be affected by

(4

-

« cortisone and hydrocortisone,

———
. o
- ;
- . > ‘N
1 1

Objectives . v

LY -
This study consists of two separate parts and deals

\

: T . :
o with neuroqgl and '‘endocrine factors which might influence

» - , .

The experiments that will be desciribed in the’

first part of this study examine the, effects of
J ‘

acetylcholine nerve blockers on the rotifer. The
objective 1s to determine if the nerve’ blockers, nicotine,

- - » .

atfopine and procaine,affect‘the thifér's lifespan and

a

'

reproductive profile. If changes' are bbserved,

-.‘ v, A Y
appropriate experiments will be done to determine how and.

why lifespan and fecundity wefe affected.
. , N " v P
She experiments currbed out in the second part of

o

-

this study will examine the effects of hormones on the

3

rotifer. The'objg;tive is to ascertain if the hormones,
. - @ \,

thyroxine, B-estradiol, cortisong and hydrocartisone -

affect the rotifer's lifespam and reproductiori. Any

-

. changes'that occur will be examined to determiné how and
" why lifespan and fecundity were affected. oo
) ' , -

-~

4
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" Hanover, New Hampshire. 'These rotifers have a short

11

~ . »
. -Materials and Methods ¢
n— P ) * >
‘The Rotifer:

T The rotifers used were of the species Asplanchna

»

1Y

-

rightwelli, Clone 4B6&61; these organisms were originally

T

!
s

' obtained from Dr, John J. Gilbert, Dartmouth Collegeﬁ

[4

lifespan of 5 to 6 days and since they g;produce by -
amictic parthenogenesis, they are all femdles and

genetically idehtical (clones);'u : -

\]

-

., Culture Methods:

The rotifers were maintained along with their food

.

e EmmLERLsEs TS ssE=s

source, Paramecium caudatum, in a Cerophyll infusion

medium. The medium consisted of 2000 ml distilled water,

0.12 g CaCO and 14 ml of stock buffer solution in a &4-

liter Erlenmeyer flask; the mixture was heated to a boil.

Once ‘the solution was boiling, 1.5 g of cerophyll (Ward"s

N ~

» : ‘ ", e - ,
Natural Science Establishment, Rochester, New. York) was °

added and, the entife solution was boiled for 10 minutes.

The solution was cooled on ice to room temperature and

*

theﬁ f;ltér?d through Whatman no.3 filter paper. The

1
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" ,«'
. . '
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polution was autoclaved,for 20 minutes and then cooled

~ t)\w
; 7 o
Gla s

under running tap water . .

A loopful of E.coli (Type Kig, originally obtained

from Dr.' Newman, Concordia University) was_added to.the

o
medium which was then incubated at 37 C for 24 hours.

After this time.the pH of th medium was measured to

)

ensure that it was between 6.9-7.0. A 0.05 N NaOH -

solution was added if the pH needed to be adjusted} but: .
. . [ 4

this was usually unnecessary. Fifty milliliters of bld

“medium containing Paramecium caudatum. (originally.
[ ]

——— i e e e R e =R RR A

obtained from Boreal Laboratories Ltd., Misgissauga,,

Ontarioc) was added to the fresh solution. The parameciuﬁ
were left to multiply for two to three_&ays (36-72

¢ , ¢ N
hours). After this time, 150 ml of the medium was added

to & 250 ml° Erdenmeyer flask and 20 rotifers of various

ages were trénsfgrred to the flask; S of these "stock

=

culture" flasks were kept at room"teﬁperature_and every 3 -

- L4

days the roti%eﬁ-ﬁtock was replenished with fresh
. . L2 .. 'l .
paramecium medium. .

s

Approximately 300 ml of the paramecium medium was
L3 . N a A
kept aside to be used for fraeshly preparad medium, which

-

. h] ' . )
was made every 10 days. T C .

]
L

, ,
A T
A—7 . 'Y
< . /

LY
MR
'
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Experimental Methods:

;Each experiment began with freshly prenged

o -

paramecium medium, stock buffer and E.coli cultures.
Every experiment was, initiated by placing rotifers
from the stock cultures in a Petri dish and examining

them under a .dissecting microscope. Adult rotifers were
L)

removed and individually plated in a tissue cluster dish
‘ -
with 24 wells (No. 76-0&3-05, Linbo brand, Flow

°

Laboratories, MclLean, Va.). A micropipette

(Finnipipgtte, Ky, Heldfinki, Finland) was used to
. . .
transfer the.rotifers. Prior to adding the rotifers to

-

the wellé, 2.5 ml of paramecium medium was added to each

weil. : ‘ ) oo ) .
. [
* The individual wells were examined fpr offspring

-

every three hours. Only newborncrot1fers (0 to 3 hours

0ld)3 were removed and used for the experiments, since

-

their age was esfablished.

A}

Lifespan Experiments: .

Sﬁecific nerve blockers and-hormones’were used to

-

ebserve 1f they effected rotifer lifespan.

Newborn rotifers were placed in indxvxdual wells of"

the tissue cluster dish. Prior to- adding one rotifgr per

\] .
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well, 2.5 m} of the requireé solut{on (control medium or
"medium containing the chemical) was added, to each well.
Tgsnty—four rotifers were used for each contraol and each

oA
of the samples (different concentration of the various

.
-

i nerve blockers a q\hormones). FThe rotifere were fed once
-

a day; 1 ml of the solution in the well was reﬁlacad with

“

+
a fresh identical solution.
° ~ The-control and rotifers exposed to the various

concentrations of nerve blockers and hormones were . ,
“:, N Paad 1
checked every six hours for offspring and to observe if’

B
. . ’

they were sfxrl alive; the offspring were counted and : .{

immediately discarded. The rotifer was regarded dead

when its cilia ceased tp move or when it showed signs of _ .

\
I
|

deterioratio
S

S

‘Temperature: ‘ s

For all of the experiments, the rotifers were

- i 4

Vi maintaimed in an incubator at 19 + 0.5 °C, since it had

~

been pfeviousiy determined that the mean rotifer lifespan

-

was” longest at this temperature (Sawada,1983) and the
room temperature was between 19 - 20 OC.

. R . : Y

L. . The Nerve Blocker&s: i - ‘ e T

‘For eaqh experiment there was a control; one

“+ - , ' . ¢




15 °
control for each nerve blogcker used and this control

A congyisted of reqular. paramecium medium which tontained no

nerye blocken. : . . o

nerve blockers used were nicotine (Sigma

Y

Chemical Cg., St. bouis, Missou:;), atropine (Sigma

3 . dﬁemical Co.) and‘pcocaxne (Laboratories Winthro
‘ Ry

Aurora, Ontario). The stock solutions of the nerve

blockers were 1% nicotine stock, 0.1% atropine stock and

"0.1% prbcéine stock. Variou€ amounts of the stock

solutions were added to the regular paramecium medium to o
[ \ o, * *

-

’ obtain the desired"concentré}ions of the nerve blockers.

. The eencentrations‘that were used, are as follows:
o : & S :
a. nicotinﬁ‘concentrationgz 0.000001%, -0.0000025%,

s .
, 0.000005Y%.

o A ‘g i

b. atropine concnetrations: 0,0001%, -0.00025%, 0.0005%

€. procgine~concentrations: 0.00001%, 0;000025%,
” 0.00005%, p0.00dl%Ov ,
b “ 6.00085%, 0.0605%. .
The 11fespan exper1ments were done four times
o for each individual nérve blocker used. P '
u o - . 'ﬁk | ' | N
MovemaﬁthxpeFimenés- _

when a certain nerve blocker produced a leespan

“ . increase {n the ré%zfer, thxs blocker was exam1ned for

’ ' . o Cow

.\" . C» .'b ~

o,

e
P IHONN
WA
3 - -«
“' . N
~
»
0
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possible effects on activity by observing how fast the ’ N .

rotifer moved. ~ ’ -

While monitoring and comparing the movement of the

contrbis to the nerve blocker-treafed~rotifers,~the

rotifers remained in the‘gndividual 2.9 ml wells of the .

tissue'culture dish. A transparent plastic sheet was
V]

+

placed underneath the\well: alcm gr&d wiéh individual
squares of 1 mm each had been drawn on the sheet. The

number of 1 mm squaress in the grid that the rotifer

transversed in one minute w;:E counted.

'
¢

The Hormones: : , : ~

Fok.each experiment ;here was a control; the s !
: control consisted of regular paramecium medium which
cogtained no ﬁormdne.‘ Since the hormones had to be .,
. o
solubilii;d in ethanol, an ethanol)conérol was also run .
with each experiment; this control consisted of the same
) a

. concentrations as the hormones. @
‘ The hormones used were thyroxine (ngma,ghemical
Co., St. Louis, MissouriY,SB-estrgdiol (Sigma Chemical
A\ Co.),~cortisone'(éigma Chemi;al,Co.) and hydrocortisone’ ,” 7, .
(Sigma Chemital Co.). The stock solutions of the |

hormones were 0.1 M thyroxine stock, 0.1 M cortisone : ' . j

stock, 0.1 M B"e§tradiol'stuck and 0.01 M hydrocortisone
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stock. These stock solutidns were made up in 100 %
@ ethanol. Various amounts of.the stock solutions were S -
j. i added to the regular paramecium medium to obtain the -
{ desired concknérations of<> the hormones. N
| The conceﬁtrat;;ns were the séme for each of ;he .
hormones u;;d and are as follows:
"10°uM," S50 uM, 100 uM, EOOin, 400 uM, B0O uM. ~
These concentrations were also used for the ethanol \L\‘\\“

control.

Every liféspan expe%fment was done four times for

a '

each hormone respectively.

Staining Procedures:

. — Neutral Red

J

This stain was made by first preparing a stock
N s

solution of 1 mg/ml neutral red chloriﬁe'(lot°No. 0213873 ,

C.1. No. 50040, Aldrich Chemical, Milwaukee, Wisconsin)

K

with distilled’wa}er; A neutral red doncentration of

o

, 8 ) .
0.75 ug/ml was prepared from the stock solution arid the
culturg;nmdium. “This concentrdation had been previously

found to be most effective in paramecium coloration

» -

(Bawada, 1983). C ) ®

Thé paramecium within the culture medium.were -
- : ‘ ’

»‘_éxposéd tg\the'nhutral red for eight hours to allaw

\
.

‘ "..‘ T .

o -
' Ve R + . .
T i B Tt .o .. ..
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uptdke of the dye by‘the orqaniém. After eight ‘hours, a ?
0.0601% and 0.00025% atropine golution‘were prepared
- using the atropine stoék solution aﬁd the paramecium

containing 0.75 ug/ml neutral red goluéion. The final

solutions were added to tissue cLuste; dishes and then °

, . o ) | /
rotifers were placed individually in the wells. ‘The
' } . - RS
° . rotifers were exposed to the dye for two days and then
‘ W ‘ o . -

observed for staining of the stomach; an indication df‘

o

P ingestion of paramecium which was observed as a dark red ' ’ I

A -

stain within the rotifer. Control rotifers were also

exposed to the same concentration of neutral red !

v

solutian. ' . , -

o

, . _Thé darkness of the gut coloration.,in comparison to

s »

» the control would_,indicate whether fewer paramecium hgd'

*neen consumed by the atropine—freated rotifers. .

Qince newborn Asplanchna 'do not eat for several

hours (Birky,. 1964), the rotifers Jﬁed'for the neutrald'

red experiments were at least 12 hours old.

4 2 -

{s

- FluoraBora- -I (FBI) ! . . ‘;
This fluorescent vital staih, which is specif}c:for
lisosdhes, is prepared with a specific bgffér called 3-(N-
"~ morpholino)-2-hydroxypropanesul fonic étid (MDﬁSO),(Né.

0
¢

B8760; Polysciences Inc., Warrington, PA,). The FBI (m- b

L3
v
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Bansylamidohpheﬁylboronic acid) (No. 16836; Polysciences

3

i ‘ .
Inc, Warrington, PA) solution was prepared in @5 mM MOPSO.
containing 140 mM NaCl and adjusted to pH 7.4 with NaOH

(Gallaop, 1982).

The process by which this stain works is by

"

transferring water—insoluble agents across cell membranes

and is referred to as "Boradeption". In this process,

54
highly fluoresiﬁpt boronic acid derivatives, such as the

fluorophores (FauorbBoras), are solubilized with a carrier

[

buffer which is physiologically comMpatible. The buffer
3 .

[ - z

contains a receptor for boronate adduct formation 'and this

. - -

system stains living celils.
-

Certain rEportef groups such as the FluoroBoras, are.

coupled to boronic acids to form ReportaBoras. A 1,3-

s

t ’

diaryl-pyrazoline (an optical brightener), 1-(phenyl-p-

sulfonic écid), Brphenyl—pynaéoiine sulfonyl chloride is
coupled to m-aminophenylboronic acid (Gallop, Paz and

Henson, 1992): Eventhough the fluorescent pyrazoline-~ .

+

sulfamido-ppenylboronic acid is highly insoluble in water,

-

once it is added to specific carrying buffers that form,

v

P ._Q‘ *
complexes with boronic acids, it can be solubilized at
v : v.‘
physiological pH. Once solubilized, the entire complex
can be carried into an aqueous solution and the free

compound <an move through the hydnobhobic areas on the

. . :

. -~
P M .
. -
, / . -
-
.
- .
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cell membrares and finally entering cellular Epmponents, ' ’

such as lysosomes. , . : : , . S g \

. - - ' \ -, ¢ ‘
. . ; . e
e . B -
\ - . . . v o b . . s . - he

J;
, ' B -~
. A . ; . <

Lysosome Accumulation: . ’ . ' S
. o Ve - .t Vo Yy . 3 . n
- . Three categories of.rotiferg were exéosed’to the -FBI '~ - .
- - N - \ , - . l' ’ l’ ’ .

stain; rotifers exposed to 'cortisone.and hydrocortisone SN

s
® N T N . .

i solut{ons respectivély.and control rotifers {no hormone)’, .
- . . M . \ " 3 .

-I , .() N '
The concentrations 6f cortisone used. were:10, .30, L o

¢ Vo :
.

‘e 100 and 200 uML the:concentratlong'df hydf&%ortiéone were. o
“ . ) . ' \ . : ! \

10, SO and 100 'uM. e T _ S

At each of the cdnceﬁtra%iong‘for ea%h'of.the hormones 'and . -

the controls, Totifers from one to six days,old'werez ' ’ . '

‘
.

, ) ) ) ' , . " ‘l. ‘, l .
stained .and examined for presence of lysosomes. in terms of
3 ) R ! ' . 1 \ - v

‘staining intendity. ' . N T . . .

N ' l
- .

o ' [ . '

i ! ’ . . v
Microscopy: ° <3 . . S ’ ' A, ’
! ‘ ; ' . -, N 1 . ! N \J K

. _To observe\ the rotifers stained' with the FBE ‘;:.tain,
‘ : theQ were removed from the wellsjof the cul'ture Adish.

", . . Lo ' v . . , .s
Rotifers were examined for presence of fluorescence from . |y

.« * day i to day 6. The rotifers.were transferred 'to a clean . -

concave slide with 20 ul bf medium via a hicropipette. ' - -

v .

Twenty microliters of the vital stain was then added  to- : ) <

- LN 1

the rotifer on the slide. After 5 minutes the rotifers - o

s < . . ’ ﬁ: R . -

were examined under a Zeiss Ultraphot II Phase Contrast ’

- Microscope at a magnification of 40X, L ) .

- 3
'S v
'
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) Photography: . . “ . o S
The rotifers stained with neutral red were ( e , -
' . , : . v ' ’ Vo
photographed under a C. Reichert (Nr.309060) light -
- . ,c {3, . \
v microscope whicH had e-cameraattacﬁment.~ An 10X ocular e
; - with a Plan 4/0.10 objective was used resulting in a fiual :
. : P —_ . . ® © .
. magnification &f 10X.. Koiacqlor VR color film, ASA 1000 . T
) : was used. The rotiférs were fixed in S0% ethanol'for 3
- : d .. -
minutes before being photographed. The ethandl . N
- ~immobiiized the rétifers and caused a slight size’ \
. enlargement. . ., ' T
. X . . ‘ ’“ ’ . ‘ , .
. .o . ;
S Size Measurements.: \ ’ .
P « + The rétifers were washed twice in distilled water to
. @ . - r Q
r&move the paramecium and then added to 0.1 mg/ml neutral
. ) - . red ‘solution for S minutes. This golution did. not kill )
the rotjfers‘bgt only/immobilizéd,them‘sb'tHat their body -
+ .- S ." )
- size could be measured. ‘ 3
“ a - ° c, ‘ : - J
' - The microscope used was an/ Olympus. To measure the — .
L rotifer's hody size 1f::lib%3te' &X ocular micrometer was
- used with a 4X objective, resulting in a final
: . magnification of 24X. | . ]
’~ :.. ) '4, ' i
NE . T r ] ‘ ' -
- Statistical Analysis: ,' . - :
*. ' . A one-way analysis of Jériance fo1 fowed by a post .
* . Y, . ’ ~', . R , ’ ., '.
. A ) . .
Y : .
’ '
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s
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RESULTS -

.

During each’.of .the initialc experiments, it was
7 ‘ i .
ngcessary to determine the normal lifespan and fecundity

of A. brightwelli. That is to say that th® lifespan and

@ \
fecundity of contrpl untreated rotifers were compared

with the liféépan and fecundity of rotifers treated. with

’ .
a certain concentration of hormones or nerve blockers.

X

Each of the initial lifespan experiment was
repeated four times with each chemical respectively.

Only one one set of results for each chemical is

— [} .

described in detail in this section. The averages and
[ 4

F values for the replicate experiments are presented in

Appendix II.

(Y

The lifespan-of the rotifer was divided into three

¢ ;

deyelopmenyal stages; PrerepronE;Tve, reproductive, and'A ‘ -
,pos;reproductiQe periods. Thesefsg?qég were collectivelf
referred to as the reproductive profile. The chemicals
_ used could thué be examined for theirhéffect on ény or
all of the biffergvt stagés of development. .
; N . I .
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Determination of Optimum Nerve Blocker Concentration
The purpose of the experiments carried out in this

- siFtion was to examine if and how various congentrations

of the different nerve blockers would modify 4}fe—span)-
0 A} . -

and‘fecundity. N .

3

‘ The nerve bléckers used were nicotine, procaine and
‘e % l . -

"atfopihe. These compounds are water soluble, so that

they could be dissclved directly in the medium. The v
control rotifers were placed in Paramecium medium alone. N
PR ‘
Nicotine .
’ M .
! ° f - -
? Longevity !

~. Table 1 displays the longevity data f(or‘ro't:i'fevrs' - ;

X ’Ti'exposed~to nicotine concentrations of Q.OOOOOlh 0.0000023
and 0.000005 % and as\compared to the control. As can be

v ~ seen from the table, the rotifer }ifespan is not affectndl
by any of the nicotine concéntrations. A one-way

anélysis of variance showed ihat there were no , ! L e

significant differences in lifespan between th# control

group énd the rotifers exposed to the diffarané nicotiga( ‘-

v A




L3

° ) v
! 4 ,
. . ’
25
N - f . - . . i
concentrations ((F 3, 92) = 0.661, p>0.05). - . o

~

The relationship between the lifespan values cen be —

e et
L4

further emphasized graphically as in Figures-1 and 2.

\

Figure 1 consists of survival curves of control and

* - f .-

the same area. Figure 2 shows a lifespan versus

concentr;tion gfaph‘énd veals the relaéionship between
lifespan and ingrea ng nicoéiqe concentrationsz This
gr.aph indicates that there i; a slight’ increase in
lifespén'foF_nicotine-treated groups in comparison to the
éontrol, but it is not very éreat; the lifespan values
all fall'within a very clo;e range (5.3 -5.72).

’ The reproductive profile, incorpora;{ng . .

. ’ .

prereproductive, reproductive and postreproductive

period, of the control and the different nicotine

9

<,

concentrations is displayed in Table é. The one—analysis .

N}
-t

of variance followed by the post hoc Tukey test revédaled

3

no significant difference between any groups at any'of

the étages of the reproductive.profile.

E
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Table 1
)

o

THE EFFECT OF NICOTINE ON THE LIFE-SPAN OF A. BRIGHTWELLI

(N = 24)
Concentrétion of ; Maximum Mean Lifespan
Nicotine solution Longevity .t S.EuM.
(percent) , {Days) - h S (Days)
_______________________ ﬁr———-——-‘———-——__~_,—-L--J—---—
t 0 7.0 §5.40 + 0.27 )
' 6.000001 " 6.0 5.30 + 0.27
0.0000085 ' 7.0 v .72 * 6.20° .
0.000005 | 6.0 S.64 + 0.22 .

~No significant difference hetween any gro&p

-~

N
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- " FIGURE 1. Survivérship curves of

A. brightwelli

——

concentrations

control =
. -5
' 1.0 % 10 %
. -6
° 2.5 * 10 %
: -b
5.0 # 10 YA

13

L

% = percent

m}= humt;er of

exposed to different nicotine
as compared to control. (n = 24)

0 nicotine concentration -

’

0.000001 % nifotine concentration

0.0000025 % nicotine concentration

0.000005 % nicotine concentration

survivorg at start of age interval x
o

4
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FIGURE. 2.

Life-span versus nicotine ccncentrétipn g

"of A. brightwelli exposed to different nicotine
concentrations. (n = 24)
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Table 2
s
REPRODUCTYV? PROFILE OF A. BRIGHTWELLI EXPOSED TO °
DIFFERENT NICOTINE CONCENTRATIONS
) Ave. Ave. Ave. Ave.
' Concentr. Prereprod. Reproducé. Paestreprod. Offspring
(%) Time + S.E. Time + S.E. Time + S.E. Number/
.. ldays) . (days) (days) Rotifer’
’ J - . , -
-———————— o o o o i e e e i e e e o e e ¢
O ' 2"’7 + 0¢06 8147 + 0.86 0.46 + 0.08 7-71 +0-75

. 0.000001 2.38 % 0.09 2.24 + 0.26 0.48 + 0.i% 6.96 +0.69
0.0000085 2.34 + 0,07 2.83 + 0.85 0.55 + 0.14 8.30 +0.53

0.000005 2.47% 0.05 - .66 + 0.23 0.51 + 0.13 B8.00 #0.52

L&




The longevity data is shown in Table 3; the values ‘
- ,‘ ‘ ' "y K N ' oL, ‘
. indicate that rotifer lifespan, is not influenced by any |
' 4 .. " . B
of the procaine coﬁcent}athons ranging. from 0.00001 to
{2

ﬁ0.000S %. No siqnificant differences occured between the

_éontrol rotifers andt the pracaine-treated rotifers as o . g
shown by one-way qnalysis of variance ((F 6, lél) ='
2.&35, p$0.05). T@e gréphs in F{g;res 3, 4 and S e;hibié ‘~,
the relationship between the fifegpah'dita and procaine
cpncentratio%. Survival curves of control and procaine- -
treated g}oups are shown in #igur9§~3 %nd 4. The curves
are all very close tqgethe? indicatiﬁglthgt rogifer ) p
survival was not ;lteréd by any pfocaine coné‘ntration.
In Figure 5, the graph shows that lifespap qo;s not A
change signi%icantly from the control as %hé procaiﬁy
concentration was fncreased; tne points fal} within'a.
sméfltlifespan range of S - 5.5 days.

Thé reprbductive profile data is depicﬁed in Table

7 4, The perlods -and offspring number of the raproductive

S profxle were not sxgnzficantly diffarent fram tho conptrol




] - o Table-3 .

+ ! ”" . ' Ad

THE EFFECT OF PROCAINE ON THE LIFE-SPAN OF A. BRIGHTwELLI

- - (N = 24) .
' : . Lo : ¢
LConcentration of . Max imum ‘ Mean Lifespan
‘ Procaine solution , Longevity + S.E.M.
(percent) , . (Days) . . (Days)
-i-_- —————————— ——--—"—'- ——————— . A Y S —— e Sk W U S et dky A B G Y S ——— ——
\
» . - 0 &.75 5.38_ + 0.15
AY . .

0.00001 . . " 6.7S 5.43 + 0.14

0.000025 | 6.75 5.48 + 0.16

0.00005 - . °* . 6.00 5.30 + 0.13

) ‘ 0.0001 '"7.00 5.46 + 0.22

0.00025 P 7.00 5.3% + 0.24

0.0005 . ) 6.75 . - 9.03 * 0.156

- ' m
-No significant . difference between any. group .
'
” a ‘ .

- b ? ) .

‘e

a3t

e
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REPRODUCTIVE PROFILE OF @. B

Table 4

TO DIFFERENT PROCAINE CONCENTRATIONS

Concentr.

(%)

——— e . Y —  — — — —— ey ——— - — - . M — i G — S " — . b G 4ay i TR G Sy A e e A e e W S TS A Sr, e e v -

0.00001
0.000025
0.00005
,0.0091 |
0.00025

0.00QS

—Nbosignificant

.

Ave.
Prereprod.
Time + S.E.:

(days)

n
o
W
I+
o
o]
30

3+ 0: é.a1ta\o.1a
2.60 + 0.06, 2.47 *\0.14

2.63

1+

w
O
21}
1+

0.13

W
(o]
0
i+
(o]
(o]
N

w
S
=

1+
o
o
@

E,.

e

Ave.

Reproduct.
Time + S.E.

(days)

2.09 + 0.17,

0.05 £.33 + 0.18
2.14 + 0,15
1.99 + 0.24

1:67 + 0.19

1Y
4

_—_—m L enE=L

Postreprod.
Time,+ S,E.

Offspring =
Number /
Rotifer

I+ 1+ I+ 1.

i+

——— e - o . " d— AP Was e G e w— —— -
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at any of the procaine concentrations, as determined by

one~way analysis of-variance and the post hoc Tukey test.
- - J
. ;e 4
Atropipe N

1

e e o e ——

* .

The influenbe o% the atropine coktentrations

0.0001, 0.00025 and 0.0003 % on rotifer lifespan. as

compared to the control are presentég in Table 5. The

data reveal that rokifers exposed to a 0.00023 % atropine
' ~ solution have a sigﬁificantly longer lifespav than a?y . -
oéher group. A one—way analysis of variancé showed that
signfficant'ﬁiffe}epces occured among the lifespan of the
groups ((F 3, 92) =. 4.547, pﬁO:OS).— The' nean lifespan ,

data is exhibited in Table 5. Further analysis by the.

3 - . il — .

. post h?c Tukey test showed tha{ rotifer lifespan was

- .

significantly increased by 0.000285 % atropine (6.10 +

¥

0.13 days) as compared with the control (5.70 + 0.11-

~ days). . . ' ~- .
gy )
Figures & and 7 elaboratE‘Qrapﬂzcally the"
different relatidnships in the lifespan data. As
previously menticned, only rotifer$ exposed to an
- ' - 1]

atropine concengration of 0.0002S5 % kad 'a significantly

-

- increased liféspan. *
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_—— e e = TR R

(N = 24) ’
Concentration of Maxi1mum - Mean Lifespan
Atropine solution Longevity . .+ S.E.M.

(pewcent) ) ' © (Days) (Days) : ‘
0 6.75 - 5.70 + 0.11
. ¢ ) -

0.0001 7.00 ' «5.80 + 0.13
0.00025 7.00 : 6,10 + 0,13%

. 0.0005 = '6.75 " 5.26 % 0.23

- — - - . T S - S Al W Gl G A e S Y TV Wl g AL I GAR M D G R WY GMe Sy GG G R iR G e Y S v SN O -

#Statistically significantiy different from control.
. - - alpha = 0.05

%N

N
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11 Figure & shows the survival curves of the atropine .
grohps and Fhe control. The ;urve representing the ¢
rotifer group exposed tg 0.006856% of atropine lies .

'furthest to the'right, indicative of _the longest - %
lifespan. The lifespan seems to bé lengthened starting
at day ﬁ; rThe'graph of figure .7 reveals the effect of

gincreasing atropine concentrations on lifespan. The

graph indicates that rotifer lifespan steadily increases,

3 o

reaching a peak at 0.00025 % and then decreasss . T,
drastically. Thus the lifespan increase occurs over a
very limited range of concentrations.

. .

The reproductive profile ié'presented in Table 6.

The table shows that a significant difference occurs only:

-~

during the prereprodhctive period ((F 3, 2?) = 2.673,
P>0.01); this stage significantly increased at 0.00025 % . /
atropine (3:.16 + 6.07 days) in compafison to the control |
(2.80 + 0.14 days). Figure B showg each stage of the
reproductive profile for all groups as é histogram to
allow comparison between the groaps as to éhe length of
‘each stage of the 1life profile. “The rotife;s treated
with 0.00023% atropine concentration clearly ?isplays the
longest lifespan. K}gure 8 emphasizes that the .increase
in lifespan can be explained by an increase in thé length

-

' . .
of the prereproductive period. It can be noted that the
T ! | %

"-



Table 6

¢ v

TO DIFFERENT ATROPINE CONCENTRATIONS

4 - Ave. ‘ Ave. . | Ave.
Concentr. Prereprod. Reproduct. Postreprod.
) Time + S.E. Tiye + S,E. Time + S.E.

. (days) (days) (days)
;{..:', F Y .
0 2.80-x 0.14 2.57 + 0.18 0.33 + 0.05
0.0001- 2.91 + 0.06' 2.59 # 0:19 0.30 4 0.09
o N

0.00025 3.16 + 0.07# 2.73 + 0316, 0.21 + 0.07

0.0005 3.01 + 0.08 2.20 1-0.18. 0.05 + 0.095
- ——— > oy — -———+————I——b —————————————————— o -
*‘Statis%ically significantly different from the
' ¢ alph

, C -1

48

-

Ave.
Offspring
Number /
Rotifer

6,17 + 0.58
‘EontroL.
a = 0.0P
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‘FIGURE. 8, Life pfofirés of A, brightwelli exposed
to different atropine contentrationg are expressed as
histograms (stacked-bar graphs). (n = 24)
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I . S1
length of the reproductive period remains quite constant’
) ~

Tegardless of treatment or lifespan. -

— — o ———— N —

Since ,the lifespan of the rofifer was increased at

-an atrobine‘cqncentration of 0.00025%, further i
expériments were performed using this optimum atropine

ctoncentration tq.explain the lifespan increase.
r .

- . S
In this section, the question of whether the,

-3

lifespan increase was due to a" change in the rotifer's

actiJitx level was examined. This was examined by.doing

movement counts. The data is displayed in Table 7. A -
h)

one-way analysis of varianca\indicated that no

-

significant differences in movement (number of squares
. $ .

traversed in one minute) on any day, between the control

group and rotifers treated at the different atropine
concentrations occured ((F 3, 92) = 1.131, p>0.05). The

mean movement courts are shown in Table 7. The post hoc
E4

Tukey test showed that the movement counts were’nof

significantly differént from each other at any

v

concentration on any day, yet‘overall acxivity'decreased
. T :
with age.

To further emphasize the lack of effect of atropine

+ - Py . * ’
[

B o » :
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. ;o Table 7
- THE EFFECT OF ATROPINE ON THE MEAN MOVEMENT COUNT . - )
, : (N = 24) . -
v J‘ i
Concentr. ' ,
. _Atropine Day 1 ' Day & Day 3 i
¢ (%) ,'
& \
e mem—— :“""“""‘"“'""““j"“;‘“"‘“"-',‘ ““““““““““““““ - ——
o - 13.83-+ 0.92 14.79 + 0.93 12.63 + 0.97
f .0.0001 ' 15.67 % 0.69 '14.59 +°0.80 15,42 + 0.85
4
0.00025 14.04 + 0.84 "13.29 + 0.98 | ' 13.92 + 0.8%
. ) \ .
0.0005 15.04 + 0.77 16.46 + 0.75 14,00 + 0.71
‘ -No statistically sign_ificant-dﬁ“ferenc,es between any groups. Z
0 " Concentr. ' Y
’ Atropine Day 4 ° Day 5 * Day 6
. (%) v = . |
g VR o e e g o e e ] e e e i st Pt e e St e o e o
. . .
g o . 8.63 + 0.87 *+ 2.50 + 0.55 0.12 + 6.04
0.0001 11.63 + 1.02 © 2.2 + 0.41 0.13 + 0.04 .
0.00025 9.50 + 0.99 , 3.44 + 0.65 " 0.05 + 0.03
% 0.0005 . 10.50 + 0.78, 1.83 + 0.480 0.03 + 0.02 .
A S e oo '
'T ———————————— '_-_— —. - '\ - .
- . -No statistically significant differences between any groups.
_l . M »
) ) ’ N
hel !
- , / ;
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\

-on activity, movement counts versus days was plotted in R
Figure 9. This graphic presentatibn shows that all .

curves fall wit%in the same area. A pronounced decline !

in activity level i§ seen in all groups with increasing

-

age.

\ . M N

Neutral Red , 7

»

L

where it was.first taken up by the paramecia and fhese
organisms were then ingested by the rotifer. This
process stained the rotifer's gut and thus indicated how

ngh food had been ingested. ) .

The control ro¥1fers and atroplne treated rotifers
were exposed to neutral red stéined paramecia to , p

determine whether the atropine had produced dietary

i

~reﬁtriction. ]
As is indicated in Tgble 8, all ropﬁ@é?déroupi revealed a
. bright red coloration of the gQut, except for rotifers
treated with 0.00025 % of atropine; these organ15m5 ha& a
pink coloration of the gut. This would indicate -that

rotifers at' 0.00025% atropine ate less, thus undergoing

dietary restriction.

z

Appendix Il shows photographs of the different

degreeé of gut coloration between the rotifers greated ’ o
s : A ,

e with 0.00025% atropine and the other groups.

2 ,
AT Yt
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FIGURE 9. Movement cupves [average number of squa}és
.  ‘transversed by th& rofifer per minute versus the age o% the
: rotifer in daysl] of Asplanchna brightwelli exposed to .

e - — e — - o e

different concentrations of atropine. (n-= 24)
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+USING 0.75 ug/ml NEUTRAL RED :
- . ¢
Atropine i . i
Concentration Paramecium Density _ Gut Coloration
. (percent) - (paramecia/ml) after 2 days
¢ . 300 bright red
0.0001 © 300, bright red
. 0.00025 300 . _ pink
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Thé Hormones . .. .
/ | 4 °
. - ) . ‘ ' *
ﬁ. - * 'y
\,”\‘ . . ’ ‘e TN .
Determipation of Optimum Hormone Concentration . «
) .S L - ;.
- . : 7he purpose of the experiments performed in this
u/ ‘
c‘ - N 4 .
" section'wWas to determine whether-or not various . Ve «
) . ; . . “
H

concentrations of spetific hormones wou}d modify &he

N

-lifespan and fecundity of ?otifers. . . . .
. \ X
A L] - -

o The hormones used were’thy;afrn B-astradiol,

°
.
. r

tortisone and hydrocortjsone. - These conpounds are not .
“ . L ' ey P ; /}/
water sdluble, thus they were solubilized iﬁ’LOO % ;FP

2 , -

. ethanol for addition to the cultusre medium. L ’

- - y ’
. N L
r . e . ‘- .
» . 4 . -r )
‘ ' ‘ Thyroxine ' - '
. ¢ o
. e v " p -
- ’ N . . ~ * id & ©. . .
" Longevity ‘ = T o '
. X . . * . i . , “
“ « .The longevity data for rotifere exposed to - ';&
- [y ' ' . . . . .
. : . e e . . X é .t
thyroxinpe concentrations ranging froh 10 t3.800 uM are «

-

displayed'iﬁ Table 2. As can be séen‘from the table, the

-
- [ ' .

h ‘ rotifer 11fespan1us not affected by any of the thyrorrﬁe . 7

.

! concentratiuns, A one—way analyszs,nf variance showed ' . s
. L v t k- . N k‘%
e, %hat no siqniffcaﬁt differences in‘lifespan between the T o

.control groqi,and the ratxfers exposed en the different Ce v
! - ] / ) ' :

h. A',_

] , . .
. ’ 'y
, .
L
v LY
1 - ©
. L “~ Lo .
. o, o - . N . L N o A
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' K Table 9 L . .
¥
? . ° * .
v 4 ‘ THE EFFECT OF THYROXINE ON THE 'LIFESPAN OF A.
' (N = 24) s ‘
. 27 Concentration of” ) Maximum Mean Lifespan
Thyroxine 'solution Longevity ° "+ S.E.M,
\ (micromolar) . (Days) . ~ (Days)
’ - o ° '7.50 5,71 + 0.42 ¢ - :
1o , -~ 7.00 5.50 + 0.44
» N » ' )
I | 50 6.00 5.00 + 0,285 ,
> : ¢ , . (7] Q)
" 160 : 7.00 5.29 + 0.38
l\ 4 . { ‘ .
200 . 5.50 5.04 + 0.18
400 9 5.50 4,17 + 0.65
@ 800 5.25 4.08 + 0.5@ _
G e e emm e i e e o s o e e e S et O S i e Ty e e e e o Sy S S e S b ¢ W D S . S e s . A - —— - - - t .
. ° . ’ ®
. '—No significant differencg betugeen any group.
v & ' , : ¢
q - .
+ KJ -
) g : ! g )
- ~ . ! 4 . +
< ~ . ~ ©
i ) 5 '
o ) s N -:" J/';v.
- o v
) “ S
] .
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thyroxjne concéntrations occured ((F 6, 161) = 1990,

p20.05). The mean lifespan valu€s are shown in Table 9.

4

Despite "the absence of statistical dlfferencés, the mean
, . . ¢ '
lifespan of rotifers 'exposed to 400 and 800 uM of

thyroxine is shorter than that of the cantrfol. This' -
3 oon
- X
slight decrease in lifespan is most likely due to a
a -

éoxicity‘effeet on the rotifers; the fherxine‘pecomes
toxic as the concentration ;s imcreased-,

Tge relationship between the lifegpan values can be
fucther emphasized graphicalfy as-in Fiqgres 10, 11 apd
12. Fﬁgu}es 10 and 11 present the survibal curves for

-

- .
control and thyroxine-treated rotifers. All the curves of

o

Figure 10 which shows theaéffect of lower concentrations -

of thyroxine, lie within the same area except the 200 uM

d L} & . . . N “ . .
curve which lies further to the 'left on day S5 and &. In
» " .

Figure 11 which shows  the effect of higher'cohcentrations

of thyroxine, the control curve-.lies further to thé right

than the survival curve for rotifers tfeéted with 400 and

- 800 uM of thyroxine; fewer rotifers surviving at these two

o~
r g o4

highest thyroxine concentrations. In &igure 12, lifespan

Lis plotted versus thyroxine concentration. This graph

shows that there is a émail decrease in lifespan for
rotifers treated with 400 and BOO uM thyroxine. This

decrease in lifespan is evidently due to a toxic effect of

G
<
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FIGURE 10, Survivorship cufves of

’

’ , concentrations as compared to control. “tn = 24)
control = 0O thyroxine concentration . . o
10 uM ¥ 10 micromolar thyroxine concentration
- 50 uM = 50 micromolar thyroxine concentration
100 uM = 100 micromolar thyroxine concentratidn
; ) P \ ' .
200 uM = 200 micromolar thyroxine concentration
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A. brightwe¥l: exposed Qo.the higher range of thyroxine .
concentrations as compared to,control. (n = 24) o
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a6 ¥
increasing increasing levels of thyroxine'on the

rotifers, but it is no't statistically significant.®

. 1
The reproductive profile of the rotffer,}

incorporating prereproductive, reﬂroductive épd
\ . “

postreproductive periods of the control and the rotifers

treated with different thyroxine concentrations,'is
ik <

displayed in .Table 10. This table shows that there are

significant differences between the groups in the length
<
of the reproductive period ((F 6, 161) = 12.338, p<0.01)}

7

atwa thyraxine concentration of B00 uM, this period is

gredtly reduced (6.38 + 0.21 éays) when compared to the
.control (1.92 + 0,51 days). The offsbring number ((F 6,
161) = 6.673,'p$0.05) of rotifers ;réaﬁed at 400 uM (2.50
3 0.56) and 800 uM (1.33 + 0.59) are significantly lower

in comparison to the /control (4:83 + 0.42).

B-estradiol
Longevity
- 4 .
The average lifespan of rotifers exposed to varioys
B-estradiol is shown in Table 11; the

f . ]
values indicate/that there is a steady decrease in

concentrations o

-~

rotifer lifespan as the B-estradiol concentraticons are

. ' f
jncreased. "Rogtifer lifespan was shortest at B-estradiol
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‘ .+ 4 Table 10 \
'REPRODUGTIVE PROFILE OF A. BRIGHTWELLI EXPOSED . J
. TO -DIFFERENT CONCENTR ONS OF THYROXINE .
Ave. AJ;j Ave. Ave. .
Concentr. Prereprod. Reproduct. Postreprod. Offspring
(uM) Time + S.E. Time + S.E. Time + S.E. Numper/ )
’ " (days) -. (days) (days Y Rotifer oy
N -P———é{- ———————————————————————————— g— ————— :h—————————dn—-—-——:.-——
' 0 2.88 + 0.13 1.92 + 0.51 0.91 + 0.43 '4.83 + 0.42
10 2.94 + 0,i{0 2.04 + 0.38, 0,92 + 0.21 5.50 + 0.59
50 ta-'aa i 001_1 ﬁlla t O-E? 0155 + o-aq 5017 i ‘0148
100 2.63 + 0.14 2.37 + 0.25 0.29 + 0.24 5.50 + 0.56 .
, 200 - 2.46 + 0.11 1.71 + 0.17 0.87 + 0.30 4.6 + 0.48
' , 490 . 2.17 £ 0.23 083 i 0.30% 1.17 +'0.30% 2.50 3 0.56% '
800 2.92 + 0,41 0,38 + 0,21% 0.78 + 0.39% 1.33 + 0.49*
3”. , }
. Sem—— e Btttk i A e ST
# Statistically signifi:aqtlyidifferent from the control,.
o g ) _ alpha = 0.01
. ) N “ ¢
. ¥ ?
+ \ . i‘f;‘\
- * . " v 7%
:-. . ( 3 4 \«’;‘:
f ' . i e =,
: ) e . T e —
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2 Table 11
el \ . ) /
THE EFFECT OF B-ESTRADIOL ON THE LIFE-SPAN OF A, BRIGHTWELL]I e
: ' (N = 24)
Concentration of ° ggximum Mgan Lifespan
B-estradiol solution Longevity & S.E.M. _ '
- (micromolar) ' (Days) (Days)
. 0 5.50 9.08 + 0.14
10 ‘ . 5.00 4’83 + 0.11 -
50 , ) ' 5.85 . 4.75 + 0.35 :
' 100 ' 4,75 . 4.13 + 0.30
200 . 3.75. 2.79 + 0.35#%
3 J B ’
- @ B
- 400 ! ' 3.00 . 2.33 + 0.42* .
800 : / _4.50 2.58 + 0.55#
e e A P ——
#Statistically significantly diff’erent‘ from the control, -
‘ alpha = 0.01
o
L . ‘ '
° i “ . . s
3 '
s " , - f g
| ? ) 4 P ' E
. } d )
S | ; |
o ) | |
* S’ o
B G
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concentrations of 200, 400 and BOO uM. A one-way

analysis of variance showed that significant difféfsnces
occured amoung the liféspan of the groups ((F~6, 161) =
11.168,. p£0.01). The mean lifespan data ;5 exhibiteq in

in Table 11. The post hoc Tukey, test indicates -that the

~ A g

rotifer lifespan was significantly decreased at 200 uM B-

estradiol (2.79 %+ 0.35 days3, 400 uM (2.33 + 0.42 daxs)

o

" o . / y
and BOO uM (2.58 + 0.55 days) compared with the control

3
-,

(5.08 + 0,14 days).
) oThe Figures 13,714 and 15 elaborate graphically the
different relationships in the lifespan data. Figure

13 shows the survival éurveszof rotifers exposed to lerr

levels of B-estradiol as compared to the control. The

-

. cur&gs represgnting the rdtifer groups exposed to 100 aqd

200 uM of B-estradiol lie very far to the left as

cdmpated to the control. Figure 14 shows the survival
curves of rot{fers exposed to 400 and 800 uM B—estradiolj
The surinaJ curves of these two groups lie furthést to
the left, indicafive o% the shorteét lifespan. It is
important to reaiizé that the'entire lifespan ié.aﬂfected
at the higher concentrations of B-estradiol. %he gfapﬁ
of Figure 15 shows the effect of increas}ng B-estradiaol

concentrations on rotifer lifespan. - This graph indicates

——-that rotifer lifequn is - steadily decreasing-as B-
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‘ FIGURE 14. Survivorship courves of A. brightwelli expised to
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estradiol concentration increases. -
e

The reproductive profile of rotifers exposed to

Adiffé%ént concentrations of B-estradiol is presented in

Table' 12. The.table showsthat there-are significant
' ~ = — -

\

differences in the length of the reproductive: period ((F
b, 161) = 20.361, p<0.01); this stage is significantly S

k decreased at 200 dm B-estradiol (0.12 + 0.13 days), 400

uM (0.12 + 0.13 days) and 800 uM (O days) in!comparison

-

to the control (2.21

t+

O0.14 days). The number of

of fspring ((F. 4, 35) .= 14.713, p<0.01) produged by the -

rotifers is also influenced by B-estradiol. The
‘offsp;ing nupber decreages significantly ;tM100 uM (2.50
* 0.67),‘260 uM (0.33" + 6.33;, 400 UM (0.17 # 0.17) and

- ™. 800 uM (0) when compared to the control (5.83 + 0.60). ‘

a o] ©
The data in Table 12 also show that the pgétreproductiva

périod'is entirely eliminated at the three highest B-

’ estradiol concentrations. ¢

. ) v v
. Cortisone

- vy — — — o ——

-

The influence of the cortisone concfntrationsu

.

, : ranging from 10 to BOO uM, on rotifer lifespan'as compared

- . to the control are;pfesented‘ih Table 13. From the tabln-‘

.
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4 Table 12
REPRODUCTIVE PROFILE OF . BRIGHTWELLI'EXPOSED. Q
TO DIFFERENT B-ESTRADIOL CONCENTRATIONS
. ’ Ave. Ave. Ave. Ave. . -
» Concentr. Prereprod. Reproduct. Postreprod. Offspring’
JtuM) " Time *+ S.E. Time * S.E. Time # S.E. ~ Number/
D 1 E S I -1 (days) RGETTEr
/ . =
( Gl S —— ——— T B2y o iy wle —— AR A e — i o it e ik ks e e ek S A AR B N SR Mgk SR NEE ki it e > v S — e
\ . . .
O —2v7t % 0708 2.21 + 0.14 0.16 + 0.08 35.83 + 0.60
10 2.75 + 0.00 2.21 + 0.10 0.13 + 0.04- 5.50 + 1.09
' S0 2.67 + 0.08 1.92 + 0.42 0.16 + 0.07 4.83 + 1.08
- 100 2.75 + 0.a2’ 1.13_ +0.35 0.85 + 0.07 2.30 + 0.67
) 200 2.67 + 0.33 0.12+ 0.13« ) 0.33 + 0.33%
400 - 2.21 + 0.40 0.12 +.0.13% 0 0.17 + 0.17%
., 80O 2.58 + 0.55 0 ) o
# Statistically significantly different ‘from. the control.
o~ -alpha =,0. 01
" 4,‘
- N Pl - ‘ . i
o - N s .m'
i
\ | .
\ f :’.‘
“ i ‘d - e , .:'y‘
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THE EFFECT OF ‘CORTISONE ON THE LIFE-SPAN OF A. gégguzggggg oo T
- . © (N = 24)

‘<

\ . . - L

Concentration of
Cortisone solution
.’ (micromolar)

Mean Lifespan - ' :
't SIEIMI . . ;
(Days)

Maximum:
Longevity
(Days)

o v

0.

‘

K . 10

.

7.0

6.3

7.0'

5.38°

S5.42

et Gt o e e - — — ——— — - — ———————— —— —— — A — .~ ————— W\ . — v G " — o —a —

+ 0.32. - )
+ 0.27 c

+ 0.50 o

. 100 7.5 Y 6.50 + 0.41# g

. 200 - 7.0 6.42 + 0.29% :
. 400 L 60 . -s.21 + o025 . - k

. ‘ / .- : .

; 800 . / 6.0 S.04 .+ 0.45 3

L e -1——~-—-————7---~L-—+-———-—ﬁr—--—--—~-—~-——-~4~-j~~~» fﬁ

’ .*Statistically"significahtLy different from the control. . '%

! I . ) : alpha = 0.0t1° ‘ o
- - Ttea . ‘« . ! ' : ‘ ):‘:ii

; . . . ‘ N | ’ %
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it is appafeﬁg that ®wme lifegpan of rotifers exposed to

100 uM and EQO'uM cortisone solution is sigﬁificantly \
prolgnged. A one-way analysis of variance showed thet
significant differences in the length of the lifespan

0tcured.amoung the groups ((F 6,161)= 7,153, p<K0.01)., The

" post hoc Tukey test showed that the lifespan of the

rotifers treated with 100 uM cortisone (6.50 + 0.41 dayé)
and 200 uM cortisbne (6.42 1‘0:89 days) was significantly
longer as compared.tb the mean lifespan of the controls
(5,38 + 0,32 days). .
The graphs in Figures 1&, 17 and 18 exhidit the‘"
relationship between the lifespan data of the various
groups. Survival curves of control and cortisone-treated
ﬁioups are shown in Figgrés 16 and 17. Figure 16 show?

the survival curves of rotifers treated with the four

lowest levels of cortisaone used. Figure 16 reveals that

" the curves at 100 and 200 uM are shifted farthkst to_ the

right denoting the longest lifespan. Figure 17 shows the
survi;al curves of the rotifers 'treated with the two
highéstnlevels of cortisone used. The curves of Figure
17 are all very close together, showirlg that cortisone at
these. higher concentrations had very little effect on
survivorship. In Figure 1?, the -graph indicates that,

rotifer lifespan first inc?eases; reaching a peak at 100
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FIGURE "16. Survivorship curves of A. brightwellj ex
,/’?5 the lower range of cortisone concentrations as compared

to control.-
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© 800 uM -= 800 micromolar cortisone concentration N
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FIGURE 17. Survivorship curves of A. brightwelli exposed -
the higher range of cortisone concentrations as compared. to: °
control. (n = 24) . ; :
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uM and then decreases.as cortisone concentration 1s

. s R
“1ncreased. The lifespan 1ncrease occurs over a

significant range from 10 to 200 uM.
The reproductive profile 1s found 1n Table 14. The

prereproductive and reproductive times were significantly

1

altered by cortisone. At a cortisone concentration of

200 uM, the.length of the prereproductive period ((F &,

3 -

161)l= 4.826, pS0,0é) of the rotifer 1ncreased
- N . )
significantly (3.24 + 0.15 days) when compared. to the
o . . e , b .
control (2.63 + 0.17 days).' ¢ The length of the ° e
i Tt oo .,y
reproductive stage ((F &, 161) = 7.248, p£0.01) also

1ncreased’519ﬂ1f¥qantl$ at 200 uM of cortisone (a.oo°t

1

0.29 days) ; the value of the control was 2.33 + 0.19

L

déyg. The cortisone concentrations of 100 and 200 uM
caused a 51gn1%icant increase inoffspring qy&gz; ((F &, ~
161) = 6£.971, p<0.01) (100uM; B8.00 + 0.90 and 200uM; 9.83
+ 0.78) when compared to the control ((4.33 + 0.48),

o Figure 19 emphasiza&s the increase {n lifeipén:gy

displaying each stage’af th reprodyctive profile as

v

-~ —

stacked-bar graphs (stacked histograms). Thé . .

-
’

reproductive stades for each cortisone concentration used

s ] E *

are displayed individually in the form of a stacked _
histogram. The:ﬁistogﬁaﬁs of the rotifers treated with

100 and and 200 uM cortisone show that the increase in

-
4
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- ’ Table 16 : ' '
? b , ,
REPRODUCTIVE PROFILE OF A, BRIGHTWELLI EXPOSED
TO DIFFERENT CORTISONE CONCENTRATIONS - @ - - -
" - : Ave. Ave. . . Ave.
Concentr. Prereprod. Reproduct. Pﬁbstreprod. Of fepring
(uM) Time + S.E. Time + S.E. Time + S.E. Number /
: -(days) (days) ‘ (days)”. Rotifer
¥ L
0 2.63 + 0.17 2.33 + 0.19  0.42 + 0.11 6.33 +0.48
) 10 2.79 + 0.11 2.25 + 0,58 0.38 + Q.13 7.00 +0.65
. A LN .
50 2.82 + 0.10 2.53 + 0,34 " 0.15.+0.07 7.00 +0.86
. .’ Rk o I"
. 100 3.13 + 0.08 2.73 + O.f39 - 0.62 +0.14 :8.,00 +0.90#*
Py ; - ’ s .ﬁf} ‘ o ‘
B “fa'EO0f5-J«3wee,3.o.£5f‘g.go‘¢ 0.29% 0.18"%¥° 0,06 9.83 +0.78+
. . » v Lgpver g . . -t ! .
. Y, N f TTep S o, . Lo
400 2.50 *+ 0.17 2.04 + 0.38 0.67 T 4.13 5.33-s0207, ~
BOO - 2.38 + 0.09 _2.00 + 0.29  0.66 + 0.13 5.83 +0.80 .
# Statistically 51gn‘ifi;$nt1y di’r‘ferent, fram thé“‘controll. )
& Y alpha = 0.01
. N . ‘ )
‘ > » i
% " .
v ) ' .
- . , v . 3 Y\
' ¢
. ¢ »
‘d' ¢ . ! . N
. D § . ;
E “ v .
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ﬁigure~19. Life-profiles of A. .brightwell1l exposed

to different cortisone concentrations are expressed ag
histograms (stacked-bar graphs). (n = 24)

1

prereprod. ‘prereproductive period

reprod. = reproductive ' period
postreprod, = postreproductive period *
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"428.3 + 5.8 um, whereas rotifers treated with 160 uM

— — —— = —_

90

PR

lifespan of the rotifergs 1s caused by an 1ncrease in the .

prerepr@du;;E>e and reproducfxve peraod. \

Body Size of Rotifers - _
Since the lifespan of the rotifer was increased at

cortisone concentrations of 100 and 200 uM, further

, -

experiments were performed using these optimum cortisone

P
4

concentrations to explain the lifespan increase.
In this sectjion, the boay length and width of the

rotifer was examined to determine whether the 1ifespa% : -

‘

increase was due to a change 1n growth rate. -
The bady length and width of control rotifers and “d
rotifers exposed to coréisdqe concentrations from 10 to

200 UM were measured’ from.day 1 to daQ 6. The reéults‘. ‘

a

obtained are shown in Tabie 15 and-16. - Table 15

- ’ A - ’ -
indicates that from day 1 to day &, rotifers expbsed. to,

- - 3

100 and 200 uMiof cortisone are all shorter -in length.

thaﬁ the‘&ontrol; this difference is statistically

N,

significant. For example, on day 1 ((F 4% 115'= [4.824, -

P<0.01) the control rotifers have a meap body length of

¥ ’ — =

- . ' 4 - .
cortisone have a length 6f-385.4 + 5,0 um-and rotifers

exposéd to . 200 uM cortisone\aré 386.5 f'6;7»Um in lehgﬁhﬂ
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. R ’ L /
. By
i - 91
) o Table 1S
THE EFFECT OF CORTISONE ON BODY LENGTH OF A.
(N = 24) ]
o~ . Control 10 uM corflsohe 50 uM cortisone
) “Age + S.E. * . sol'n + S.E. sol'A + S.E.
(days) (um) ' (um) (um) ———
. 4 h , T
* 1 428.3 + 5.8 429 .1 +56.3 4 ? +5.Q
2 526.0 + 4.4 J24.0 ¢ 4.1 13.5 + 3«7
3 56818 + 2.3 S71.9 + 1.7 .S52.1 + 4.0% ¢
~ 4 632.3 + 3.2 627.1 + 3.0 %23.1 + 2.8
5 709.3 + 2.9 708.3 + 3.0 712.5 + 2.5. # -
6 7%2.1 + 3.3 745.8 + 3.6 756.1 + 2.8
' 1_§ESZI§§IESTT§—§?EEI?2233235_81??é~EBE-?FEB~EEE_E§REFBT_ B
alpha = 0.01 ‘
» o . ‘o
Control «100 uM cgrtisone - 200 uM cortx @ne R
) Age + S.E. ) sol'n + S.E. . | sol'n + S.E. .
- e (days) Cum) ' ) tum) |
c— - -,
. I 428.3 + 5.8 5.0% 386.5 + 6.7%
2 526.0 + 4.4 4) 2.5% T 465.6 3.3«
" 3 S68.8 + 2.3 516.7 + 3.6%  519.8 + 4.0 , g
. c o -\
N - . . 4
—ee = 4 632.3 + 3.2 S552.1 + 3.3 543.8°+ 3.8% ..
S 7 709.3"+ 2.9 632.3 + 2.8% ' 629.2 +\2.5% . :

. . 5 /psa 1k~/é) . /708.8#;‘3.4*' 709.4 % 2,9% ' )

-

A



Three day old rotifers exposed to 30 uM cortisone were

. " .
also significantly shorter i1n length (5352.1 + 4.0 um) as

.

‘// compared to the control (568.8 + 2.3 um) .
- s . Figure 20 gi1ves a graphic representation as to the
effect of cortisone on rotifer body length. The graphs N

representing the 100 and-2R0 uM concentrations -are

T ' further to the left than the control anmd 50 and 100 uM o
- . graphs, 1ndicét1ng that at, 100 and 200 uM cortisone the SN

= length of the rotifer 1s reduced.

—
[N 1

LY . v
As is indicated 1n Table 16 the body width of - N

rotifers treated with 100 and 200 uM was also

\

. , .
‘ significantly decreased ((F 4, 115) = 9.344, p<0.01 for

.day 1) on,abi days‘as compared.to the control.’

¥ T:gure 21 cons1sts of the body w1dth graph- the

———

‘cantrol grapb and the. graphs of 10 and 50 uM . -
concentratlons all lie WIthlﬁhthe same area, wherégs tﬁe

’ . graphs of the 100.and 200 uM concééntrations are shifted - A

._\" - ‘ * * 4 ’ L -

further to:the left, showing tﬁat the bohy width is )

+

reduced. , o ,

L

———— iy

A fluor95cenp vital stain specific for lysdsomes .

was ~added to‘'day 1 - day &6 old control rotifefs and

‘cortisont treated rotifers to examine whether the

<
-
#
-
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Figure ,20. .Body length of A. Q[ngﬁggiLgﬂexposed to
different cortispgne concentratyons as compared to‘coﬁtrc}.

’
; -7 . (n = 24)
- [} N )
cantrol = 1 O 'cortisone concentration
. A
10 uM = 10 micromolar cortisone toncentration . .
A L 3
50 uM '3_ SO micromolar ceortisone concentration = -
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Table 16
THE EFFECT OF CORTISONE ON BODY WIDTH OF A. BRIGHTWEEL [ —
& (N = 24) %
Control 10 uM cortisone 30 uM cortisone
Age | + S5.E. sok'n + S.E. ' sol'n + S.E.
(days) (um) O (um) .. tumd
4
1 236.5 + 2.6 233.3 + 3.6 228.1 + 4.3
2 288.5 + 7.7 280.2 + 6.7 267.7 é&g.q
3 295.8 5.8 276,00 *+-4.4 274.0 + 4.b
4 333.3 + 2.5 337.5 + 2.4 304.2 + 6.3
5 361.5 + 2.6 360.4 + 2.6 - 358.9 + 8.5
b 418.8 + 5.0 4235.0 + 2.6 . 414.3 + 3.8
-~
—No significant difference between any group. ‘f
D]
Control EOO uM cortisgne 200-uM cortisone
Age + S,E. sol'n + S.E. sol'n + S.E.
(days) (um) Cum) . (um)
1 236.5 + 2.6 209.4 + 4,.5% 212.5 + 4,8
2 288.5 + 7.7 2417 + 3.3% 243.8 + 3.8%
3 295.8 + 5.8, ~ BN4.b6 + 4.5% 262.5 + S.4%
4 333.3 + 2.5 280.2 + 4.5 281.3 + 5.0#
=) 361.3 + 2.6 321.9 + 5.5% | 327.2 + 4.2%
6 418.8 + 5.0 355.2 + 3.7# 363.5 + 4.3#%
> §€;E?EEIEEET§'EIEEI?IEERtT?”EI?FEFERE‘?FSE'ZFE"EBREFET """
Cer - alpha = 0,01
' 4 \ -
» LI “%
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Figure 21. Body width of A. braightwell: exposed to different

’ cortisone cancentrations as compared to control. yn = 24)
: Erd
* control = O cortisone concentratran
1 QQ\\=“ 10 micromolar cortisone concentration ‘
50 uM N= 50 micromolar cortisone concentration o v
! v
“~B - .
e 100 uM = 1Od\m1cromolar cortisone concentration
facd
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200 uM = 200 micromolar cortisone coqcentratxon
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Jrangxng from 10 to

. , 98

lifespan 1ncrease was related to'‘a change 1n lysosome

accumulation or activity. ;

.

The ‘-results are found 1n Table "7 and show that the

S

confrol rotifers and those exposed to cortisone
concentrations of 10 and 50 uM, exhibit flques?ence
starting at day 2, 1ndicating the presence OF lysosomes.

In contrast, rotaférs tr;ated with 100 and 200 uM
cérﬁ}sone d;d not exhbi1t fluorescence at any age,
reveaalng that lxso;omes were ei1ther absent,

physxologxcall? aktered, 5?\presént in minimal amounts as

a result of cortesowme treatment.

Longevaity .
. The 1nfluence 0f the hydrocortisone concentrations,
\\BOO uM, on fotifer\li%espan as C
compﬁred'to the céntrol are introduced in Table 18. The

results show that the rotifers exposed td a 100 uM

, hydrocoigxsone sd%?tion have a significantly longer

lifespan than any other group. The results élso,sﬁow'
that hydrocortisone concentratiaons of 200, 400 and 800

uM, greatly shorten the rotifer lifespan. A one-way

-— %,

analysis of variance confirmed that significant

‘ & ) .

~ ) -
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Table 17
THE EFFECT OF CORTISONE ON LYSOSOME PRESENCE IN 1HE
ROTIFER A. BRIGHTWELLY
(lysosomu§detect1on>v1a fluorescent vital stain)
¢ (N = 18)
Conéentrat@on Amaunt of fluoreacence=presence Df.IVSOSDmES
% of cortisone ‘ - e
(uM) ' Day 1 Day @& Day 3 Day ¢ Day S Day 6
@] - + + + + +
10 - ¢ + + + + +
50 - + U —_— » + “ +
100 - Lo - . T— . - A
200 A - h - - - -
. - R
S L tonl
N
-
+ fluorescence .
‘= 'rno fluorescence
€ N
for ]
N '.‘
\ . : . 1
\' : -
- ¢ ’J ‘ R N -
., ' . - ~
t At ' ¢
< s . <
oo - Lo
. . . , ,
T %, . o .
£~

]
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. o ) ° Table 18 . *

FHE EFFECT. OF HYDROCORTISONE ON THE LIFE-SPAN OF

, - A. BRIGHTWELLI \ i )
& » . . ; (N = 24)
e ‘ . . Concentration of " Maximum Mean Lifespanr
Hydrocorti1isone, tongevity + S.E.M.
- salution i (Days) (Days)
° . (micromolar)
0 o 6.50 S.54 + 0.10
10 - 7.30 5.97 + 0.31 ’
o 50 7.00 S.25. + ~0.85
. - [y .
o7 100 ' 8.2S 6.25 + 0.18%
Y, T, * a, N
. 200 - 2.50 2.08 + 0.09%
S
400 . . ) 1.00 0.92 + 0.08%
800 - . '1.00 0.79 + 0.13%
S e e
. . ‘ .
N *Statistically signmificantly different from the control.
b - - " alpha = 0.01
L - S
- AS
¢, > ’
— \ .
, . " - . ) i .
. ) > ) . B
v bt . i ¢
- > °
N . e - .
. e v o

Y
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differences occur?m amoung the lifespan of the groups ((F’
C - . ’ T - .
6. 161) = 10.238, p<0.01). The mean lifespan was

\

significantly increaséd at '100 uMm hydrq;ér%tsone

»

,concentration (6.25 +°0.18 days) and decreased at

, concentrations of 200 uM (2.08 *+ 0.09 days), 400 uM (0.92
® ' AR
+ 0.08 dafs) arfd BOO uM (0.79 + 0.13 days). The mean
o .

lifespan of the control was 35.54 +,0.10 days.

- " Figure 22 presents the survival, curves of the

5 L}
o

rotifers tregted with. the four‘ngest fevgqs.of
hydrquftisone,and of the cqntroli As can be.seen n
.Fxguﬁeiaa,,the'surviva% curve af the\rotﬁferskt}eated
with 100 uM hydrocof?1scné 1}95 fuﬁkhgst to fhe‘rxgh;, .

?

pointing out that the longest lifespan occured at this

concentratiop: Figure 23 shows khe survival éurvas for
the rotifers treated with the two highest concentrations
' (400 and 800 uM). These curves are placed far to the

4 - . )

left, showing that lifespan 1s much shorter at these

cancentrations. ‘This_is also true for rotifers-treated

— \ 8 -

- 1

with 200 uM hydrocortisorie. . © o )
h _ i .
'b . \
” .. In Figure 24, mean lifespan is plotted against the
. 1‘” . . . .
’ 1ncreaS1ng'&oncentrations of hydroéqrtisone to which the

-

groups of rotifers were exposed. . Figure 24 indicates

¥ . - . o, . R
that lifespan first increases, peaking at 100 uM,
Y \
. . e ) . . C — - ] r )
. fqllotsp by a . drastic and continuous decrease as -
A . . - b
o ‘ y - &
1 . ’
- . - A
h N » Y " .
.n- * o ‘ N
Y . . » . '
. .- - -~ R « N . ' s
\ " ’,
-« £ 2 ~

* Y

N




. S
N ] ' . » . !
.o -, 0~ “u '1‘3 103~~ =
) o e L
. ‘ *
a . N o
f . . “ . o
L p ¢ [ . N -
o* .‘,." o -
{ . .
‘ fo L . ? . 1
+ . * . : : A
. B . , -
1 ! - P . ’
- ‘e o - . " -
:”‘\ &" » N <o e .
. Figute 22. Surv1vorshlp curves of A. lpt"k‘ghtwell “expoked - .
- ‘to the- lower range of hydrocort150ne concentrations as o
. compared te—‘(:o_ntrol. (n = 24) ‘ . . .
control = ' O hydrocortisone concentration 2
s oo . Y0 uM = .0'micromolar hydrocortisone concentration ’ v
* '\ v L L. . .
a. 50 uM = S0 micromolar hydrocortisone concentration °°
- . e - .
- . . .« ot R " r . * : ’ . >
0“ »100 uM- = 100 micromolar™ Rydrocortisone concentratidgn
- 200 uj‘? =. %00 micromolar hydrocortisone concentration N - .
E - . N . - 3 v, .
. . . ‘
) M ' » - N ’
- N ’ . 2
- ¢ v * :
- > ' ' ) ) 4 : -
N -
4 [ ¢ ' oy o ! - .
. R . -,‘- . . N v 7
- . - ) -
' . - ~ .t > {
N - ) - > - ‘- . - i ¢ T t ) ’
. . . . _ .
. ‘ e . oy :
'/ .. B : - A . r.(' < -
’ ” T 4
! h t * ) — ’ '
. A R ‘ . Ll . N . -
- L3 ’ M . . - LY L3
h * ' ' . . ‘e 0 - *
’ oM - — < Y . .
* . . . . k . 1 - .
S ‘ ‘ : ) .
,‘n" - . v - f o
! T N ® P ] ¢ . . . 'y
: - 1 - ’ N el - R - N - - - ' .
’ ) ] /¢ ,' ) ) Q“:‘;‘




103

T

/Y-

4
~4

&

164
14 4.
124

TR T

o~

R S

~S0uM

. AGE (days)

v

[

10uM

ot

control

o




- / P - % - -~
. v . * .
. / ,
' . _ Y ~ -
. N
U » .
- A .
. pR
. “
e e ——— ~ .
] ’
- -
< . )
- -
v
.
.
} o

104

a -~
. | ‘ . .
. . Lo .
’ [
*\ M1 * '\
- S,
. v » i s ‘
; ' . ; Y
Figure 23. Survivorship curves of A. brightwell1 expased to ’
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hydro;ort;sone concentration is 1s i1ncreased. *
. Table 19 contains the reproductive profile for

rotifers treated with hydrocortisone. The 10 uM

hydrocor txyéone ncentration has no effect on the

reproductive profile. At S0 uM (1.85 + 0.18 days) and at

o
IOQ uM (1.95 + 0.25 days) both the length of the

repfoductlve period ((F 6,161)= 10.893, p<£0.01) and the

number of offspring ((F &, 161) = 12.725, p<£0.01) ad’
significantly reduced. It 1s only at 100€§M )

hydrocortisone (3.359 *+ 0.06 days) that the length of:the

+

prérepéoductive period ((F &, 1;1) =~9.684, p<0.01) 1s ,
v .
v signlf}cqnfly L\ncreased s resulting in increased meaﬁ
li1fespan; the control had a prereQroductxve period of
233 + 0.07 days. At.thg higher concentrations_gj;

hydrqcortxsone toxic effects appear, including a . N N

-3

BTgniticant nga&fion prereproductive period; at 400 uM

this period lasted for 0.92 + 0.09 days and at 800 uM

~

* hydrocortisone, it was 0.79 + 0.13 days long in ‘

comparison to 2.53 =+ 0.07 days for the control. The

reproductive and postreproductive time ((F %, 35) = ) -

20.459, pgo.Ol)ﬂplus offspring number was O at 400 and
Y N ' . 3
800 uM hydrocortisone concentrations,
Figure.25 emphasizes the incrEasz in iifesp%n'by

displayind’eadw stage of the reproductive profile as

A
’ 4
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REPRODUCTIVE PROFILE OF A.

Lo e ' -
ty

Fable 19
v‘:!\:Lf

L
e

TO DIFFERENT HYDROCORTISONE CONCENTRATIONS

N\

. Ave. Ave. o
Concentr. Prereprod. Reproduct.
{uM) Time + S.E. Time + S.E.
(days) {(days)
0 2.53 + 0.07 2.63 + 0.85
.
10 3.10 + 0.17' 2.03 + 0.13
S0 2.85 + 0.12 '1.85 + 0, 18%
100 3.59 + 0.06% 1.95 + 0.25
200 2.08 + 0,08 0
400 0.92 + 0.09 0
800 0.79 + 0.13 0

# Statistically significantly different from

e — —

Ave.
Postreprod.
Time + S.E.

(days)

0.55 + 0.07
0.71 + 0.10
0 }
> 0
0

k)

109

Ave.
Offspring
Number/
Rotifer

B.00 +0.41
o "‘.\
7:56;:01;2

5.83 +0.67%

5.33 +0.32%
Yo 0

‘0 4

0]

the control.
alpha = 0.01



~

Firgure 25. Life profiles of A. brightwell:

different hydrocortisone concentratians are

histograms (stacked-bar graphs). (n = 24)
prereprod. = prereproductive period
repraod-. = reproductlv%,per1od

postreprod. = postreproductive peraiod

Y

b

exposed to
exprsssed as

L

110



- . .
’ . . N ’ . !
- . .
) . ,
, ’
- - .
° - -7 - " —-
‘posdasysed 777 ) wpoades 7] .
SN ) NOL : 2 ANOWILAOD0
(W) NOILLVALNIDNGD 3 w1 1LAODO0dAAH
oot . 00 - oot .05
.
I A Satars matt SRR . .
. F, K . .
’ 4
* . , . K Lo U .\~ \.W 1 '
N . ’ - ’ -’ ° \‘ r Ll - P >
. ’ " ’s 4
. A / -, -
’ s . . - P Ry - ».. 9 -
R R s B N B .
beEo " " P o f L . . *
v s ’ < . ! < I . - \\ \\ 1}
- ’ e o4 T L
\ . .., ., \. \.\ \\ o » .
N ’ . . Lt
- e Vi . \\ \\ \. L4 L i - \4
E ” . 4 .
4 \\\\ ‘\.\ \\ ’ \\- - \-
P e, ' i b
L al] A A 4 o .t
, R , A . ) b \.\ 4 4 & w
. . P
. o L A ™
LR ’ e = -
s Ea X o o w
- v - i
~‘ » ] \\ K , . . w
L & NG . -
- s NIRRT |, s e
R . PRI
. S, T . . ﬂ. 3 m
...‘ \i ..\_ j { .f r/ { 14
\\ \\ \. r < Iol Il\ . hl ./r/ k4
R
.
~ s, - N S . <
N SO oY . ., =~ .
NN N SN v
" LY “~ 'y ., L N’
LY ~, N * oo S
. N . . SRS
4 . N ~ /r N W A . . N . N //
M IJ N [S L. . AN “, L N +
< _,/ 4.,, ./ ..L . w« AN ™~ r/f/
N . 7 h
. ;I\cw ~ot - /./ na e ..1\ ..\.x.. —f b
Vo . b
: / R o e = |
N L . RPN PR S . o
- .
- . r_rf “ , r\.\‘.. X . R
DAET I Lo .
L .
e L
- e T, ~\\\\\\s - v w
]
v . - ; - L]
. B
h °
o L. .
. < .
- -
¢
e ..
N Q
¢ o .
' LY .
c N . .
- - a v



&

@

112
stacked-bar graphs; each histogram shows the reproductive
afgges for a speci1fic hydrocortisone concentration.

The hxstograqs 1ﬁd1cétes that the 1ncrease 1n lifespan of
roti1fers treated klth 100 uM 1s caused by an 1ncrease 1n

the prereproductive period and that the decrease 1n
» >

leeéban of rotifers treatel at higher hydrocortisone
concentrations 1s due to a decrease 1n prereproductive

peri1od and a total absence of the reproductive and

4
LR

postreproductive period. N ‘\

N . V . ‘ IS
of Rotifers N “ v

Since the lifespan of the rotifer was increased at

*

a hydrocortzsoq? concentration’of 100 uM, the same follow

-up experiments were d?ne as for cortisone. This optimum
hydrocort1sonqgifncentration was used to explain the

lifespan 1nCrease. . .

In-this section, the body length and width of”the
I :

b . .
rotifer weri measured to determine if the lifedpan L

4

increase was due éb a change 1in growthjrate.

~  The body length and width o% ﬁ?ntrél rotifers fnd . ‘ .
rotifers exposed tb Hygrocogtisone concentratiéﬁs ranging

froﬁ 10 tg 100 uM were meaéu;ed from‘day 1 to aaw 6. The

data for body, lefgtn is.cisplaysd in TaBTe 20. This

table sshows that rotifers exposed to 100 uM - L
> ') — N . ! ‘ é

l‘ : . A » Al

R
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Table 20

THE EFFECT OF HYDRDCDRTIéDNE ON BODY LENGTH OF A. BRIGHTWELLI

(N = 24)
, 10 um 50 uM 100 uM
Age ) Control hvdrocort. hydrocort. hydrocort. *
(days) + S.E. sol'n + S.E. . sol'm + S.E, sol'n+S.E.
(um) . (um) Sum) T (um)
= Lt e e A o —— ———— — N - e, e cpmm e ———
1 . 411.7 + 9.4  417.3 + 10.7  410.9 + 9.4 376.0 + 9.6+
2 534.4 + 13.5 . 482.3 + B.3%% 480.5 + 6.4%%380.8 +10.2
¢ ) L :
3  572,5 + 10.1  562.5 + 10%%‘ SS8.2 + 7.0 46B.3 + 6.9%
4. ’653.2 + 7.2  62B.2 + 8.7 625.3 + 9.2 518.8 + 9.4»
"5 715.6 + 7.6 7Q01.0 + 8.7 699.5 + 6.5 618.8 + 8.1%
6 739.6 + 6.4 ‘728.1 + 7.3 714.6 + 7.4% 700.0 + b.4¥

* GStatistacally 51gﬁxf1céntly different from the control at

. alpha = 0.01 . , '
* % Statistldally significantly different from the control at
alpha™= 0.05 . : -0
. l A
——~T B ' B ; -
- N ’ “ ) >
3
\ .
. ,
. - ’ - 4
N . \
% * -
) .
) I —————
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hydrpcortisone were signxf1£§§?€y shorter 1in lenéth than

the control from day 1 to day 6. "

—

For example, on day 2 ((F 3, 92 = 41.078, p<0.01)

- 2

[ ) .
ﬁotifers treated with 100 uM hydrocortisone had a length
of 380.8 + 9.4 um aé compared to a length ofs 534.4 + 13.5

um for the control. At 10 uM hydrocortisone (482.3 + 8.3

o .

um) body length was significantly decreased as compared

t

to the control on day 2 only. Also only on day 2, the

"“-—ﬂ‘&ﬁ‘__._..__‘__

N7 '

»

length of rotifers exposed to 30 uM hydrocortisone (480.5

@

+ 6.4 um) was shprter than the control. Figqure 26
displays lengthaversus age graphs and shows that for each

hydrocortisone concentration used the length of the -

A} .

rotifer increases'as 1t gets older., VYet in bomparlsonyto
A\

the cpntrol, the length of hydrocortisone-treated rotifers ’
is much smaller at all ages, this difference is especially

significant with rotifers exposed to 100 uM o

~hydrocortisone. The 100 uM hydrocortisone graph is set

/ - , -
further left than the control graph, andicating that at. °

this concentration the rotifers arg smaller in length than
: N ) —
the contrd. ?

Table 21 displays the data for body width of -
: R °

rotifers at different hydrocartisone concentrationss The

data indicaﬁgg that the rotifers treated with 100 uM
. " . » ™

hydrocor tisone have a significantly smaller width than °

el N

o Ay
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Figure 2&6. Body length of A. brightwell: exposed tog

’“d@fferent hydrocortisone concentrations as compared to

‘control. (n = 24) - . " .
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S0 uM = .50 micromoldr hydrocortisone concentration
,100 .uM = 100 micromolar hydrocortisone concentration
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. Table 21 .
- '
THE EFFECT OF. HYDROCORTISONE ON BODY WIDTH OF A. HRIGHTWELL [
. (N = 24) -~
. . ‘e "
~ . k4
. © 10 um © 50 uM T100'uM . T
Control hydrocort'. Hydrocort. hydrocor §.
Age + S.E. sel'n + S.E. sol'n + S.E. sol 'n+3.E. C
« (days) (um) - (um) x, (um) i Cum)- .
s . &
1 234.4 + 3.6  225.0 + 6.0 224.6'+ 5.6 jﬁle.s + 6.8%
2 289.6 + 9.1 26L.7 + 8.1 265.2 + 4.5  239.6 + S.b6%
3 293.8 + 5.9 290.6 + 7.0 - 2B4.0 + 4.4 275.0 + 5.9% -
4 346.9 + 4.3 333.3'+ 7.2 327.9 + b.4  2B7.5 + b.h*
S 383.3 + 6.0 367.7 + 4.6 365.4 + 3.3  319.8 + 6£.0%
. \ " . P \\
6 415.6 + 6.9 41B.8 + &4 414.0 + 5.7 340.6 + 3.9% _
. . N : . [ -
S ST \ I o
* Statxétlcally sigMm ficantly differbnt’ from the control. .
~ ’ . ) alpha = Q.01 0 )
e . . . 1
\q * ' e c L
. L} . ‘ . 1 ’
- - ﬂ- T
— - - ~ '
[¥3 N e .
=) -
- ' . " . -
] \ ’
td s -
. ) | 1
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. _hydrocortisone‘pegig to show fluorescence on day‘&%'
L) ., . \ ~

—

the cantrol; this 1s true at all ages. For e»aﬁﬁlez on

-~

day 2 ((F 3, 92 = 8.844, p£0.01) the body width of
. B2 : ,

rotifers exposed to 100 uM hydrocortisone is 239.6 + 5.6

umvfn comparison to thé control value of 289.6 + 9.1 um.

Sy

Figure 27 shows bady width graphs for each hydrocortisone

AR

concentration uged and comdFres it *to,the control graph.

' N . - )
+ The graphs show how body width changes as the rotifer

\;ges. The 100 uM graphr1n6reases less with adv3pcing age

. , ,
than the control. indicating that width of rotifers -

treated with 100 uM hydrotortisone 1s smaller than for

.

" the control rotifers. '

.o . .
P [N /
. . s v

- . '0
ecific for lysosomes:

-

A fluoreskeﬁt'vital stain sp
~ ) :
;“waé added-t; control rotifers and hydrocortisone treated
‘ rotifers randingjf%om bné day to six days-of age to-
.guéiamjne whe;:Lr if the ;ifespan-incr;;se was.ﬂhg‘QD a—

X change in lysosome accumulatiénipr-actﬁvity.*'
The results are foundi%ﬁ‘Table;QE and show that the

control rotifers and rotifers expose& to 10 ahd 50 uM
AN N yon

e of lysosomes. When rotifers were

treated with 100 UM hydrocortisone though, these rotifers

indicatind'the pre

displayed no fluorescence whatsoever at.éﬁ§ age, meaning

L NN : e

~
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1 Figure 27. Body width of A. brightwelli exposed, to
- different hydrocortisone concentrations as compared tao
. : control. (p = 24)
._‘ , . N . ’C;
) } control = N 0O hydrocortisone concentration .
~ . -
X 10 uM = 10 micromolar hydrocortisone concehtra?xon, . .
. ! * ' ’ 9 . . ' ’ \ ' . ] "
. . 30 uM = 30 micromolar hydrocortisone concentration
. . s .
) 100 uM = 100 micromolar hydrocortisone concentration T
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' > ” Table a2
THE EFFECT OF HYDROCORTISONE 'ON LYSOSOME PRESENCE
- IN THE ROTIFER A. BRIGHTWELLI
(lysosome detec¢tion via fluorescent vital stain) -
(N = 12) !
Concentration of Améunt of fluorescence=pr9§ence of lvsosome
hydrocortisone .,
(uM) Day 1 Day 2 Day 3 Day 4 Day 5 Day &
————————————— bl .-———---———---——-——‘-————-T—————-——-———-————-——-n——-———.—_....._.._.
! ]
0 - + + + + +
10 - awt + ’ , o+ ' + +
56 ’ - + + + + +
100 - - - - - - .
) N

+ fluorescence

~ no fluorescence

1 ' ’ - . L4
/‘\\\ s
\ , - -

-
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that lysosomes were abseﬁt, physiologically altered or
present 1n minimal amount at this concentration.

et

' "Ethanol

p— . S~ T

Longevity

Al]l of the hormones used were dissolved 1n ethanol,

. therefore 1t was necessary to set uprethanol controls as

1

well to determine whether it affécted the& rotifer 1n any
way.

For.eéch hormone experiment doné, there were
ethanol controls. These controls consisted of the same
concentrations as the hormones, that is to say for ,each
hormone exper iment the ethanrol copcentrations‘weré 10,

50, 100, 200, 400 and 800 uM. -

. \ |
The longevity data for rotifers exposed to these

o

different ethanol concentrations are shown in Tables 23,

24, 23 and 26.. Table 23 displays -the ethanol results
' 144 .

obtained during ‘the B-estradiol experiment. A bne-way

il

analysis of variance followed by a peost hoc Tukey test’

. showed that there were.significant differences in

lifespan between the control group-and -the ratifers R

e

exposed to 400 and BOO uM ethanol ((F &, 161) = 6.789, p<

'0.05); the mean lifespan of rotifers ekpoéed to 400 (4.17

N -

¥ e
y .
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Table 23 >
THE EFFECT OF ETHANOL ON THE LIFE-SPAN OF A. BRIGHTWELLI
(B-estradiol experiment) (N = 24) ¥
Concentration of Max1mum . Mean Li1fespan
Ethamol solution Longevity -+ S.E.M,
(Days) (Days)
‘ \
e e o n o e i e S ET TS e e e o o - it = e e e e e e i At . wn o o o —
o
0 6.50 5.08 -+ 0.14
. 10 5.50 . 5.08 +-0.42
‘ 50 6.00 5.42 + 0.25
100 . 5.50 5.08 + .0.15
200 ) 5.50 5.00 + 0,13
g 400 4.75 4,17 + 0.21%
800 5.00 3.88 + 0.70%
,* Statistically significantly different from the control.
- alpha = 0, o
.
Y —J‘ s
s \Q
. t £ -
~ ' l“/)ﬂ
e ,// —_
i Jo)“ ) ; ! !
/ ‘ —_ ‘ - @ ° A 3 ~
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+ 0.21 days) and B0O uM (3.88 + 0.70 days) ethaﬁol 1S
shorter than that of the control (5.08 *+ 0.14 days).
Table 24 ((F 6, 161) = 2.695, p>0.01) contains the
ethanol results gathered during the thyroxine experiment;
data of Table 25 ((F 6,-161) = 1.931, p>0.01) was taken

during the cortisone experiment; and the results of Table
\

-~

26 ((F 6, 161 = 3.357, p>0.01) during the hydrocortisone
. v

experiment.
A one-way analysis of variance followed by the post
hoc Tukey test reveals that there are no significant
M N

differences in méan lifespan between the control and the

4
3 -

different ethanol cdnagﬁtrations in any of these tables.

v despite the absence statistical differences, the mean

-

~ lifespan of rotifers exdesed to 400 and B00 uM of ethanol

is a little shorter than the control 1n all tables.

] The relationship between the lifespan values can

- Ty

" also be emphasized graphically. In Figure 28 lifespan
gis plotted aga1nst ethanol concenfrat1on. All grephs
representlng the ethanol concentrations durxng the

&_ -—»*-'—L’i\‘—~ -

d1fferent pprmone expe iments shows that a small decrease

T ——

2 occurs in lifespan.of rotifers exposed to 400~and 800 uM ~—

ethanol concentrations. This decrease is most pronounced

-~

in the graph representing data taken dyring the B-

estradiol experiment. N Som

f‘ﬂ . T .o . . . i - PN

{ L R f . Y

&‘.’4\ “ -

tn



Table 24

.

b

(Thyroxine experiment) (N = 24)
‘Concentration of - Max 1mum Mean Lifespan
Ethanol solution Longevity + S.E.M.
{micromolar) (Days) (Days)
0 7.350 571 + 0.42
10 7,00 T 77 T 541 + 0.23 T T
S0 7.00 . 5.25 + 0.36
100 7.00 5.29 + 0.25
: 2
~ ® >
200 &.50 5.00 + 0.22
400 5.50 * 4,75 + 0.19
- 800 ’ 5.50 4.83 + 0.19 S
, - No signiffﬁaﬂt difference between any group. alpha =0.01
» ¢ . - . - -~
’ hY
“ a?. Y -
=, A ]
' L
. L
o . . .
A S
- i ) /
. L}
& . (
& 'S !
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Table 25
\

THE EFFECT OF ETHANOL ON THE LIFE-SPAN OF A. BRIGHTWELL]

(cortimone experimenrt) o (N = 24)

R Y

Concerrtration of . Max imum Mean Lifespan
Ethanol solution l.ongevity + S.E.M.
(micromolar) " (days) (days)
0 7.0 5.38 % 0.32 ' 4 :
e ~ I : .
10 - 7.0 S.37 + 0,11
50 7.0 A 5.34 + 0.12 ‘
. '
100 7.0 5.43 + 0.20
200 7.0 5.29.+ Q.82 =
’
* 400 6.5 5.04 + 0.18
800 9.5 4.95 + 0.36 ’

—— o " T — T ——— -~ o4 T — ———— —— ——— — et —— s o s o s — " ——— ——— —— e —
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Table 26 . v -
¢ .

THE EFFECT OF ETHANOL ON THE LIFE-SPAN OF A. BRIGHTWELL]

(hydrocortisone experiment) (N = 24) S
Concentration of Maxi1mum ﬁean Li1fespan
Etharnol solution Longevity + S.E.M.

(micromolar") “ (days) : (days)
e e e e IR
f
. o 6.50 5.54 + 0.10
10 7.0Q0 . 5.49 + 0.28

an
o
~
o
o
u
£
o
'+
o
@

~ T
127 )
3
¥
%3
100 6.50 . 5.36 + Ow 14 .
L 200 6.50 5.30 + 0.26
400 6.50 $.00 + 0.32
[+]
800 5.50 4488 + 0.35 ’
______________ 7..__,__._-————-.—.——i—-.__—-—_—_—-._.—_—_—...\.._._._._—_—._

- No significant difference between any group. élpha =

\

N

udt

a
A
e
wle e
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-Figure 28.-
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Figures 29 (B-estradiol experiment), 31 (thyroxine

experiment) 33, (cortisone experiment) and 35 (hdeo—
° 3
cortisone experiment) present the survival curves for

. . . » \ .
control and rotxfets treated at the lower concentrations

t

of ethanol. All the curves 1n all figures lie within the

same area, indicdting that wnumber of ‘suriving rotifers 1s

“

similar at ethanol concentrations ranging from 10 to 200 .,

UM in comparison to the contrel. Figures 30 (B-eéstradiol®

experiment), 32 (thyroxine experiment), 34 (cortisone

o .
experiment) and 36 (hydrocortisone“experiment) show the

effecs of higher concentrations of ethagnol on rotifer

3

survival. In’afl figures, the control curvés lie fqrtherk

to the right than the surviwval curves for Jotifers,

treated with'qgé and 800 uM of ethanol, 1ndicating that
i ' ' ~ .Y
less rotifers surviv9°atLthese two highest -

g

concentrations. N\

-The reproductive profileTs pregented in Tables 27,

28, 29 and 30. A one-way analysis of variance followed

b Y
by the post hoc Tukey test revealed no significant

difference between any groups at any of the stages of the
. ) ‘ ‘
reproductive profile. o .

~ It is important to note\that the survival cyrves.

and mean lifespan for all four réblicate control groupé

a a

"are very close to eachother, indicating that gontrol data
is highly replicable. . '

—— 4
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Figure 29. Survivorship curves of A. brightwelli ")
R “'exposed to the lower range of ethanol concentrations as
compatred to the control.. Results obtained during the
B;estradrol experiment. {n = 24) a A
control 0 ethanol concentration
M ‘ . -
10 uM, 10 micromolar ethanol concentration .,
A1
50 uM 50 micromolar ethanol concentration
. .
100 uM - 100 micromolar eggg;;:h:;;Eéﬂtrat1on
: 200 uM 200 micromolar ethanol congentrgftion -
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Figure 31. Survivorship curves of A. brightwell: & ' -
' exposed to the lower range of ettramol concentrations . .
as compared to the control-.— Results obtained during’
the thyroxine experiment. (n = 24), T . ~
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SURVIVORS (rnx)
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Figure 33. Survivorship curves of A. brightwell:
1 exposed to the lower range of ethanol concentrations
as compared to the control. Results obtained during
. the cortisone experiment. (n-= 24)
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Figure 35. urvivorship cur¥es of A. brightwelli

exposed to the lower range of ethanol concentrations
as compared to the control. Results obtained during
the hydrocortisone experiment. (n = 24)
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Figuré 30. Survivorship curves of A, brightwell:

exposed to the higher range of ethanol concentrations

as compared to the control. Results obtained during the
B-estradial expe¥iment. (n =.24) '
I «
= = °
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Fighre 32. Surviv 1p curves of A. brightwelli - - TR
exposed to the hlgﬂgg?}ange of ethanol concentrations

as‘compéred to the control.
the thyroxine experiment .
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Figure 34. Survivorship curves of A, brigftwell:
expsosed to the higher range of ethanpl concentrations
as compared to the control. Resuljts obtained during .
the cortisone experiment. (n = 24 ‘ ) .
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Fxgure 36, Surv1v10rsh1p curves of A. braightwell)

fxposed to the h1gher range ‘of ethanol concentratxon§

as compared, to the contrcl Results obtained during

the hydrocortisone experiment. (n = 24) ° ‘
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) ’ Table 27
. L4
REPRODBUCT IVE PROFILE OF A. EBlQHIygggi.EXPDSED
TD DIFFERENT ETHANOL CONCENTRATIONS
(B-estradiol experiment)
. * )
Ave. . Ave. Ave . Ave. .
Cancentr. Prereprod. Reproduct. Postreprod. Of?spring
(uM) - Ti + S.E. Time  S.E." Time + S.E.. Number/
Kays) (days)’ (days), Rotifer
y, Ay o\ ‘ \q '
0 2.71 + 0.08 2.21 + 0.14 0.16 * 0.08 5.83 *+ 0.60
10 2.54 + 0.14 2.54 + 0.43 o 4.17 + 0.95
50 . 2.92 + 0.20 2.350 + 0,42 0 5,33 + 0.88
100 2.83 + ,0.14 2.25 + 0.19 0 5.33 + 0.58
200 2.57 + 0.14 2.33 + 0,13 .0 5.17 + 0.69
400 2.71 + 0.11 1.46 + 0.21 0 3.67 + 0.62%
\ 800 2.58

I+
o
IS
]
ol
3
I+
o
s
o
(e
A
w
-
<
+
O
+
*

» Statistically ‘significantly different from the control.

-

’

. -. ! "
. ‘
© ‘ \
.
- ' .
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- - " Table 28

TO DIFFERENT ETHANOL CONCENTRATIONS ’ ’
Athyroxine experiment)

Ave. Ave. Ave. Ave,

Concentr. Prereprod. Reproduct. 7?g;streprod. Offspring

T (uM): Time + 8.E. Time + S.E. YTime *+ S.E. Number /
(days) (days) {days) : Rotjfer,

) 0 2:88°+,0.13 1.92 + 0.51 0.91 + 0.42
10 2.48 + 0.10 2.29 + 0.14 '0.64 + 0.57
50 . 2.39 + 0.13 2.07 + 0:19. 0.79 + 0.44
100 2.42 * 0.23 2.03 + 0.27 0.84 +10,48
200 ' . 2.28 + 0.11 2.16 + 0.17 0.56 +.,0.59
400 | 2.21 + 027 1.60 0.2 0.94 + 0.62
g0 2.18 + 0.30 1.93 % 0.30 0.72' + 049

S L

- ,7.No significant difference between anx'érqu.

. . )
. T
( , ) .
% . | . - d
TN
N .

K ¥ et
B
-~
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: Table 29
REPRODUCTIVE PROFILE OF A. BRIGHMTWELLI EXPOSED
TG ’pIFFERENT ETHANDOL CONCENTRATIONS
{(cortisone experament) ;
Ave. Ave. Ave. Ave .
. Concentr. Prereprod. Reproduct. Postreprod. Offspring
(uM) . Time *+ S.E. Time + S.E. Time + S.E. Number /
: - (days) - _ (days) {days) ___B_gtjfer.
| y T T T T T T T T T T T T e T T T T R e L b e e »
: 0 B.63 + 0.17 2.33 + 0.19 0J42 + 0.11 6.33 + 0.48
10 2.61 + 0.19 2.37 + 0.36 0.39 + 0.14 &.285 + 0.57
. . 50 2.58 + 0.10° 2.20 + 0.29 0.56 + 0.10 5.83 + 0.62"
L= 100 2.74 * 0.11-2.39 + 0.27 0.32 #°0.14, 7.00 + 0,65 -
| ' 200 3.47 +/0:17 2.21 + 0.19 0.61 * 0.17 6.08 + 0.49 i
‘ . w00 | 2.39 # 0.10 1,98 *+ 0.17 0.47 + 0.13 S.33 + 0.67
) . 8OO 2.10+ 0.08 2.11 + 0.21 0.74 + 0.20 4.05 + 0.79
. o o ’ . ’\
i e — i —————— A ——— - b o s o e . —  — — e —— vt o T i —y — o — T——-————:——-‘-—-:——-—
- No significant difference between any group.
N ! * 3
, B Q D i e ,
e . o? ‘ ° ° N
* - oy ™ .
. r \ :
N £ w » N
- i \ '
’ “' 1] : B o
. - T s o ) - e
L4 - . c. 1 .
“ ~ 3 N * ./»




‘»
150
; .
' Table 30 -
i ' . )
) REPRODUCTIVE PROFILE OF A. BRIGHTWELLI EXPOSED ) ,
TO DIFFERENT EHTANOL CONCENTRATIONS ’
{(hydrocortisone experiment)
. ’1 a
i . Ave. Ave. ,
Concentr. Prereprod. Reproduct. Postreprod. ‘Offspring
(uM) Time + S.E. Time + S.E. Time + S.E. Nufber /
‘ {days) (days) . (days) Rotifer
___________________________________________ e ——————— e
" 0 2.953 + 6.07 2.463 + 0.285 0.38 *+ 0.08 B8.25 + 0.54
10 2,89+ 0.08 2.15 + 0.30 0.45 + 0.09 B8.00 + 0.465
o 50 2.72 + 0.10 2.29 #+ 0.24 0.39 +# 0.10 7.89 + 0.78 ‘;Y'a*'
- : » "
100 . 2.48 + 0.11 2.17 + 0.18 0.31 + 0.08 7.08 + 0.37
. 200 2.59 + 0.13 2.34 ¥ 0.21 - 0.37 + 0.11 7.38 #* 0.69"
3 m— ) . . ” "
400 2.40 + 0.09 2.03 + 0.17 0.57 + 0.07 7.00 + 0.62
- 800 2.09 + 0.13 2.19 + 0.19 0.60 + O.14 &.88 + 0.72 ,
7 'l! L4
. { \ = \
S - N8 significant difference between any group. . J
®* ]
4
~ ;
AN . N
. R
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Digscussion

T

This discussion will serve to explain how nerve:

~a

blockers and hormones affect rotifers. The results of

wf

all experiments will be discussed in-detail in terms of

N

rotifer’lifespan and overdll.- aging process.- Special

ehphasis will be placed on any physiological changes

Y

occuring in the rotifer due to neuronal and hormonal

influences.

Some of the current theories of aging will

be taken into account to explain some .of the results,

oy

A,:.The results presented in this, K thesis show that the

nicotinic nerve blockers nicotine and-procaine even at

~

high concentrations did not affect rotifer lifespén_or'

atropine caused a sign{fidént increase in the lifespan of

D

.

" .. reproduction, bﬁt that' the muscarinic ,nerve blocker 7

P .

—— e — o —

. brightwelli. A possible explanation for these

findings' is that rotifers have muséarinic acetylcholine

recep;oﬁs, but not nicotinic receptors.

This idea of rotifers only having huscarinic'

\

DN
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receptors 15 supported by other studies. Beauvais and
Enesco (1985) found that low concentrations of the
muscarinic nerve blocker curare increased rotifer

lifespan and decreased the activity level of the

i

rotifers. Thus—<curare—and atropiney—which—are Poth

muscarinic nerve blockers, both significantly extend

lifespan yn_rotxfers. ‘

The only %tgge of the rgproductive profile that };
lengthgneg by.atropine is the Erereproductive stage.
Thus the 16crease in the mean lifespan of the rotifer,

induced by atropine, is due to a longer prereproductive

peripd. o

-

Beauvals‘ang Enesco 11985) report ghat cu;are
AncCreases lifesﬁan.sy extending the length of the
prerepﬁaductlve period. Thus the two muscari%ic blocke;s
;urare and atyobine act on the'same phase of the lifespan
of the rotifer.

These results cannot b; compared to any other
experiments done,'because this line of investggat1on is
quite‘new.' There are no other studies of the effects of

—

atropine on lifespan. THe only paper fhat_mentions an}

Y- R

Effﬁjﬁ of atropine on some form of development is by

Thomas, Esteves, Angluster, de Souza and Jurkiewicz

(1981). These researchers added atropine to the

~

a



=]

.

I ' . Iy
5 4 '

£51j\
‘ amuelpessgal and began a speci1fic
d:ff?rentlatlon process. Since the protozoans have a l\
spec%flc response to atropine, ;h]S suggests that the
mélecules for nerve trasnSmitters must have originated
very early 1n evolution. Whereas atropine speeds up

development 1n the protozoan, this nerve blocker slows

down deyflopment into the adult stage of A. QELQDE&ELLL‘
a N
by prdlong1ng the prereproductive period.

©
-

-
To examine 1f the 1ncrease 1n raotifer lifespan

obferved with dtropine treatment .could be linked to a
. “

decrease 1n activity level, as-is fot curare,

exﬁeriments were done to m%nitbr the activity level of
atropine-treated rot\fefs.
U , ) '
The results show that atropine does not affect

the motor'actiQity of the rotifer at any age. However, a

¢ > .

note—wortﬁy aspect of the results 1s that as the rotifer

- 3

ages, its movement. decreases. This age-related decrease

in activity has also been observed in insects; the wing-

3
beat’grequency‘decreases in the house fly (Rockstein and

Bhatnaga, 196&6) and the mosquito has also’ shown a decline
[ o \

in flight performance with increasing age (Rowley and

»

-

Graham, 1668).

i

¢ . » '
% ‘ "This decrease in activity could be due to a

¢

b ~ N . s . N

)
S e
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< » - ) . ¢ N
decrease 1n formation of acetylcholine, known to be .

. . ~ '
present in the rotaifer (Nogrady and Alai, 198.’3&7—\8 known
n k

fo act as an excitatory nedro-transmitter at the ,

. P oa

. K‘neuromyscular Jurnction. However, one‘cannot exclude the o

) - . N o > v, -
poss1b11aty of decreased efficiency of nerve ‘transmiSsion, -

.

»

£y

or weakenrng ‘of muscle fibérs that could @ccur 1n aging.
* ‘ The results btalned 1in this ct1v1ty sbudy d%

not correlate wi other resgarch/done 1n th1s -area on
f
inver tebrates. Hddlman, Ewert, Westerf1e1d and Gr1m .

'(1982) examined the i1nfluence of atrongﬂkbn the motor

A3
actvaty of the nematode B[gg_g malay:i. Theyf dund tz?p
X e .y

4

atropine.decreased maotor activity by 71 %. Th1s
suggested to the researchers the pdssibilfty of a . B *
chdlinergic nervous systenm being 1nvolved in the control -

¢ o

of movement, yet effect on mgtility ld.be unreiated to
/ . St )

N “ . 1 v

cholinergic neurotransmission. In another experiment,

Thomas, Esteves, Angluster, de Souza and Jurkiewicz
» [ * - . 'a .

(1981) observed when atropine.wae‘added to the protogpan s

4 o

o ' . . . il ;, -
Herpetomonas samuelgessoax, the cells became spher1cal

—meESSSssess SRS Tk EsE=2

a

v ! ' .
and the movement;of'the protozoan was iﬁhibited. oNogradV
LAY Q Lt

and Keshmbrxan s1986) bbserved the effect of atrop1ne on

the rot1fer Bracfignus c alyaflorus._ Normally when th1s .

°
[

rotifer %himé, its jghg'muscular foot is wzthdrawn into

the lorlca- 1‘ is only. extended’ occas1ona11y for a brlef ‘
' - s Y £ t fm s T '\
L1 Frd . ’ ‘ R .
} p y- /\ .-
. 1 “-'-‘



¢ “
]

moment . Addition of aﬁ?opfhe resulted in the foot
] b v

& . remaining extended; 1t stayed at a 900%°angle to'the bddy
céusing the foot to drag. It was adsumed that atropine

1nf1uencedhthe 1on chafhnels 1n the membrane. In all

these examples, atropine decreases movement 1n some way

2
-«

: A
and in the case of the nematode and rotifer 1t is
. ' n - .‘

believed to act by cholinergic neuromuscular mechanism.

Lot
oo

Theseqéxamples also suggest the.presence of o

N

~

) \nscariﬁic receptors in the nematode and rotifer. 4t

~ N

1 '

should, be noted that only the foot 'of the rotifer b

areas of muscular movemeﬂt remained unaffected. The

©

have a muscular fogt. Thus 1t is.possible that

i 2

J(mudtarinic) receptors to Nhich atropine will atta are
v not present at all neurahuscular 4unctions f the
- ] '
rotifer; this would explaih why movement is not affected
~ ' [N .

.
. - A w“

. [+

in A. brightwelli.

-

Since atropine did nét influence lifespan through

~

a changé in activity level, another possibility was

examined; that atropifie might affect the food intake of
'« the rotifer. <,_ﬁk___ﬁd__;_;ﬂ‘_;_r~_fi44}
' 3

v _ 1n this study, paramecium (food sodrce for

rotifers) stained with a biofbgicql stain called neudtral

0, ¢ A

N S

wwt
g

'
Y s



#

o

. ) / .
rotifers gut. The dirker the rotifer's gut,

-

gtomach,ﬁlndlcating that these rotifer ate less: thus |
[ ¢

‘(Visscher, Ball, Barnes and Sivertsen, 1945), fish

(Fanestil and Bérrows, 196%) show that Epis phenomené can

‘e -
. . ‘

T, . . 156

N L 4
red were' added with the appropriate atropineé

\ »

concentration to the rotifers. The goal was to examlne‘

o

the staining of the rotifer's gut; the amount.o; .

paramecium 1hgested determined the coloration of the
' 1
4 s

the more

~

paramecium had been eaten. The results obtaifhed for this

experinent show=that the contral rotifers hdve bright red

.
~

stomachs, whereas rotifers exposed. to the*atropine ‘ ¢

concentration that i1ncreased lifespan, .hdve a pink

@

they underwent dietarx‘}ésgrictdoﬁ.

A number of investigators have shown that a

-

decrease 1n food consumpti&n results in a prolonged

@
LY

lifespan. ‘E»pefigents done with rats (Berg and Simms,

1960:5Réisen, Herbst, Walliker and Elvehjam, 1947), mice

(Comfort, 1943), Daphnia (Ingle, Wood, and -Banta, 1937),

)

Drosophila (Loeb and Northrop, 1917) and rotifers
P o ;o .

" . -*
be observed in many phyla; restriction of food from these

organigms resulted in a significant prolongation of ‘their .
[ ! " . .
lifespan. These studies confirm the first study done .by

©

e e e ey e ——, -

McCay and his associates in 1935. They ‘fed one set of
’ . . "y ' B
young rats a restricted-diet consisting of jugt enough
) ) N

food for norhal development and fed a second set of rats

.
N <+
.
‘ . s e )
s

V%l
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. .

ad libi1tum. They found that rats maintained QN a

restrictqd'dxet ixved.loﬁger than $he rats f%g ad

4 ”

libitums The same phenomenon 15 observed

1N Mmany

species, as noted above. .

- . f’"

[

- To summatize, the resdlts obtained for the nerve-

blockers show that nicotine and procaine, the nicotinic

n

Iny

blockers, do not affect lifespan of A.

. contrast. atropine, the musgarinic blockédr significantly

lengthens ‘11 fespan by increasing thé’pre(ebroducélve

e
©

period. Thefrifespan experiment for each nerve bldcker
“ )
was _repeated four times, obtaining the same results
' réspectxvely for each blocker. This indicates *that the

: ' -~
results are highly reproducible. .

- N

One could concludé from the results tbat A.

——— A L

. .. ) v -
does not have nicotinic receptors, but only muscarinic

/

J ' réceptors, since this effecf is only seen wlthﬂtropxnef
The iHCFEBSE'in roti?er lifespan ségms to be due,
f ‘ g to dietary restrictign. ThE‘deéreage in fooa intake
could result in slower growth, leading to & ". .
_prolongation‘of the’prereproéhctive p;}}od. .
. It is'possiblé(tﬁﬁz/xhg aéropfne interferes with

. the coordinated movementﬁ-of'fhé cilia and digestive

‘e v T
tract needed to engulf food. AS noted earlier, atropine

’
.

does notlinterfere‘with the ncrmal rate of movement of
~ . . _

Yy

LS T
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¥ . . b . R
the entire animal. Nogrady and Keshmirian (1986) have L

~ (3
also ahserved {hét atroping has different effects on

different rotifec functions. \These findings suggest the

' 4

- , possibility that there are geveral types of nerve

° s
“ fr transmission in the rotifer. . C
> -
. .

1f digestion and food "intake is under neuronal ' .

.

e

¢ . . . - .
¢~ control, than atropine could be acting as asblocker for

»
L4

.the neurons which innervate the mastax and muscles of the ’ 3

‘ - ]
viscera.

v ’ ' & ) v

-
-
-

Thyroxine -

i~

* ]
\ . o
Thyroxine does not affect the mean lifespan of the )
u ' : T ' . - : '
. ———rotifers-even though _a slight but insignificant decrease
2 - . “\M o,
. in lifespan does occur when rotifers are exposed_tg

’ b
- ~

B

——————

e, v
St — e - -
e

thyroxine at 400 and B0O uM concentrations. This slight

4

decrease tould be due to a mild toxic effect of

3

thyraxine.

- P e - - o
. 7/ ",
During the course of the discussion, when a hormone
S is described as having a toxic affect on the rotifer,

™ ~r

what is meant ié that the lifespan decrease caused by the

&

A .
—~——
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g . s .

hormone is so extreme’ that this chemical is believed to

v -

'be having a physiologically detrimental effect on the
A . :

rotifer.

- .

. N G .
. The reproductive peried of rotifers exposed to \

. ™ P
rd

400 and 800 uM thyroxine is decreased sigﬁgficantly;-the
other Gtég of the lifespan are not affected. Offspring
. . N .

L]
)

numbea{ is rdduced at 400 and BOO uM thyroxine

. r'concentfat1oﬁ> This is probably correlated with the
decreased reprodudtiwg_period; the rotifers exposed to
' : ¢ , . ‘ .
these conditions had less timeato produce offspring.

‘

i Ity is unlikely that thyroxine is influencing

2]

reproduction diredtly‘by reducing the reproductive period

of the rotifer, since thyroxine is not a reproductive
4

tormone. A simple explanation could bé that thyrexine, is f
9’ 3 s,

- “

slightly toxic at high concentrations and otherwise has

v - ) -
.. no effect omrotifers. ) . Y
‘ . \1 \ . som”

. ) No information is available on the effect of

tHyroxine on the lifespan of invertebrates. Loss of °:

tissue responsiveness due to thyroxine may be involved in

a R .

™ -

~mammalian aging (Denkla, 1974). Thyroid implications in»

—— e

c

,‘ mammalian aging have been reviewed by Minaker et al,
: . . ' » Y
[ 1985 . . ‘\,‘
. “Q'\ *
)L'\. . .
— A% K4
! N a 4' ‘“‘:‘“‘-‘\\N

L

o




P

"rotifer 1s due to a shorter reproductive and

£

“i ) ' A 160
B-Estradiol
- ) ) v d. .

. "
The results obtained from this study show tHat as

»
'y ac

B-estradiol concentration increases, the mean lifespan of
‘ T A ‘ e . .
the rotifer decreases. The decrease is most pronounced

~

at B-estradiol concentrations of 200, 400 and 800 uM. '
-~ The different stages of the overall rotifer

lifespan are also affécted by B-estradiol. The

e 3

reproductive périod is dréstically shortened at

o '

concentrations of apo,.aod and 800 uM B—estraqipl} and

the postreproductive period at ‘these coqcentrafioné is .

eliminated conmpletely.

.

This meéans, that the decrease in.lifespan of the \

'

postreproductive period. The offspring number at the

different B-estradiol concentrations is affected as

.- ' . - X
~and in e&ch instance the results obtained were the same. ‘

~ : . . S
follows; at 100, 200 and 400 uM B-estradiol, the number \

of offspring is greatly reduced, ;nd at 800 uM, no

¢ . M

offspring are present., The decreased fertility is

'R

correlated with the reduced reproductive period. -

The lifespan experihgnts were repeated four times®

o

The decreased rotifer lifespan caused by B- - ' - j

b s’

. estradiol could simply be a result of toxicity; B-’



Ny

-

3

’thps influénéing

also supports the point of view that gstrogen-like -

o

.t © 161

estradigl could simply be too toxic a chemical for the

. .
rotifers to survive. It 15 known that in mammals, such

as rats, high levels of estrogen enhances aging of the

-t

" hypothalamus in the brain and this hormorne 1s also

carcinogenit when present in excess (Z2oler, 19B83) .¢

. ! . ’ 4 .
If estrogens h;ge such extreme effects ;¢ mammals.
4 -’ ’ ) . f
it might not be surprising "that it has a‘toxig’effect on

@

the rotifer. Another explanation could be th;t

repqoduction~in'rotifers involves a reproductive harmone
. "

or éompound that has similar properties to Bfestradxoi.
In this case? the externally added B-e&stradiol

could have been recognized by receptors in‘the rotifer,

- .

*

°

its physiology and akterdzg its

liféspan.' It should be noted that the B-estradiol had no

: /
effect on the rotifer's prereproductive périodj the ,
. a /
/

rotifer'wé§ not influenced by the horﬁone/until 1t

03

started to reproqucé., This shows that B-+estradiol was

-

acting during the reprbductﬁve period. in' the rotifeﬁ.

The fact that' it markedly reduces the number of offspring
I'd t

.

4

!
N {

molecules.ara.réqognized by and act on the rotifer.

In@értebrates are not known to contain estrogens,

but ha&e other réproduE%ive hormones that function in a

4

similar manner. Crustaceans secrete a hormone from their

3

[

-

o

C e

ey

)

el
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ovari1es which control secondary sexual characteristics
. . [ . ’

e

;(Barrjngfon, 1968). The corpora allata of insetts\

releases a compound which infl&encas egg develaopment an

o .

the activity of the accessory Feproductive glands

(ﬁ%rrington, 1968). Extensive research has been done on

the gffect of estrogens on mammals, but no documpntation

an whether-estrogens influeﬁce invertebrates has been’
found. ‘Thus no comparisons can be made between the

influence of B- estradiol on the rotifer and its

.influence on other invertebrates. ) -7

‘-
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Y

X . Cortisone '‘and Hydrocortigone =~ .

Cortisone and hydrocortisone both belong ta a group-
. 3 Q .
of hormanes called glucocorticoidsf Glucocorticoids

influence carbohydrate, fat, protein and purine ) \

metabolism (HarQy; 1981;. Blucocorticoids are alsoc knawn

to inhibit inflammatory and allergic reactions in mammals-

by most possibly stabilizing lysosomal membranes which

b
[}

sto%g emzymes involved in inflammation from being L <

released from lysosomes (Hadley, 1984).

’

.

e o - . e - ——

The mean lifespan daia shows that at cortisone
concentrations of 100 and 200 uM, mean 11fesba; of . the
réti%er is significantly increased. Maximum lifespan
ihcreaseg}by half a day at‘IOO uﬁ cortiéon; with a value

of 7.5 days as compared to 7.0 days for the'controg. ' The
. , ”, L ,

results obtained for ‘hydrocortisone show that mean ¥

lifespan of “the roti%er is ingreased at a‘hydrocortisone
- ! Y
concentration of 100 uM. At hydrocort

igone

1

f
concentrations of 200, 400 amd,aoﬁ uM mean lifespan

* <

drastically decreases. ' e

-

%

I —

-

. . ‘
¢ The prereproductive and reproductive periods of the

.
PR
\. - . Y '

-
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reproductive profile increased at 200 uM cortisone

concentration. Thus the overall increase 1n mean

H

lifespan is due to the change ih the prereproductive and .

reproductife period. At 100 uM cortisone, this trend is
also obserVed, but the results do not reach statisitical
significance. fhe stages of the reproductive profile
~ . were alsdJaffectgd by hydrocprtiioné.; At 100 uM

hydrocortisone, the Rre}epfoductfvé period was i1ncreased

"and .the reproductive period was reducgd. At 400 and 800

-

uM hydrocortisone, the prereproductive period was
significantly shortened and the reﬁroduct&ve and

postreproductive periods were both eliminated. The

. » N

"lifbspan expe iment was repéated four times for each
. R

glucocorticoid respectively. The results obtained o

were alwayé the same as described above for both -
‘¢ cortisone and hydracortisone. )
\ ’-_ . B
- A comparison cannat be made between the results

obtained in this study and any other previous studiés,

> v . P
because researth as\ to the effect of cortisone and

lifespan of vertebrates and

\

hydrocortisone on th

: ‘ The results show  that \cortisene and hydrotortisone both
. b4

pProlong rotifer'lifésp n by inqrg&sing the amgunt’of time

the organism spends in

%

the—developmental or juvenile .

]

SN
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o

) stage (prereproducthe period). Thus cortisone and
hydrocortisone could possibly be affecting groyth rate

and maturation by maintaining the rotifer 1n Jte early g

< i

developmental,stagerfor a longer time. In addition,
L 2 . .

*r

hydroceortisone aéts‘to reduce the reproductive time and

»

‘delay sexual maturation.

A

> The decitease in lifespan at the hagher -

hydrocortisone concentrations could simply be :-because the

hormone ds‘becoming to toxic for the rotifer. . .
- r ) | ! 1
Fecundity . |
The offspring number of the rotifer 15’increased at
| o eortisone concentrations of 1oo@ahd,aoo uM. TH;S . ©
effect i1s correlated with the féct that at these .
concentratioqs the reproductive period oflthé rotifer 1s | o T
> . incfeased allowing 1t more time to reproduce and
{;creasing the number of offsgpring. . ' Qe
I The offspring number of the roti%er 15 decleased at

— 100 uM hydrocortisonE)concéntration. The lack of ’

offspring at the:three highest hydrocortisone \

kY ’
concentrations is torrelated with the absence of a

) ‘ ) repro&uctivé phase and an overall short lifespan. ¥

[ *
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In order fo examine the influence of cortisone and
hydrocortisone on the rotifer, the body léngth and @gdth
of‘CDntrql rotifers and roti1fers exposed to 10, S0, 100

T w
and 200 uM‘cortisone concentrations and 10, 50, 100 uM

hydrocortisone concentrations were measured.o

- N “ Rotifers grow throughowt their lifespan, they are

at their smallest ‘during the prereproductive stage.

. The results obtained for bﬁdy length and width show
. - thgt rotifers exposed to loo'qnd 200”7 uM cortisone and to

100 uM hydrocortisone:are always smaller than the

control, no matter what age they are.

Experiments have not been apne on the influence of

cortisone on body s1ze or wgight 1in inverteb:ates, but
e A}
Lau, Horowitz, Jumawan and Koldovsky (1978) examined the:
)

effects of cortisone on body Qéight and brain tissue

. ’

growth [in rat pups. They found that all cortisone-

’ treated pups were smaller than their controls. bAlso,

t

exposure to cortisone dgcréased the weight of the
e
- A .
forebrain and cer@bellum. The researchérs could not

explain why these-changes occyred. -

s 1t has been found that glucocprticoids inhibit

+

growth in rapidly growing experimentéi mammalé and

T "children (Hadley, 1984). Investigators found that low
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doses of glucocorticoids 1n liver, heart, skeletal muscle
’ m, N -
Q ¥

and kidney decreased DNA synthesis.in the cells of thece

-

&
tissues and i1n thi1s way caused a ‘decrease 1in growth

£

>

(Hadley, 1984). It 1is possible that hydrocoftxsone and ’)
cortisaone could have X general effect en.growth

inhibition, explaining the decrease 1n size abserved
§ . !

here.

b

LY B

-

Laﬁggngg of ‘Carta

Because of evidence'that hydrocortisone and
cortisone influence lysosomes (Guyton, 1981; Symons et

al, 1969 Pollack and Brown, 1971) the presence of
. . . .
jlysosomes 1n the rotifer were examined. A vital
< . . PRI v
fluarescent stain (Fluoro-Bora) specific for lysosomes

v ¢

ﬂgf““n was used for this purpose. '
? L4

; e
. One day t9 six day old cortisone-treated rotifers .

and control rotifers were examined for the presence of -
o

e

lysosomes. The stain did not allow for a quantative
amount of lysosomes to be detected, instead the rotifers

&
\cquld only be observed as fluorescent (lysosomes stained)
N : : -

or rone-fluorescent (lysosomes. not stained). Since the

lysosome—-containing rotifers appe?ned as Tluorescent

-~

LN . K
cicrcular objects, it did not seem feasible to take

pictures.

o
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When the rotifers are one day old they do not

e

Pa—

fluQresce; s is true of the cortisone-treated rotifers
\ and the con rotifers. From day 2 to'day &, the A

ccantrol rotiferé and rétifers exbosed to 10 and S0 uM
LY ’ ’ !
- b . . . PREEE S

corflisone all have a fldorescent appearance. At 0~
; Bl s 3 ‘

s i

cortisone concentrationg of 100 and 200 uM, the rotifers . .
. . k4 T .
diép{a;ed not fluorescence at any age. ' .
’ - . » : .
st ‘ The results were-the same for rftifers exposed. to - ) o,

s Lydrocortisone. When the rotifers are -one day'pld they
‘ ' i 2 A‘ ' l) M i
do not fluoresce;.thls 15 true of the hydrocortxsone—

r’
- .

- treated rot1fers and the control rot1fers.: From day 2 to

’ |

day &, the controf rotifers and ‘rotifers exposed to 10

" "50 uM hydrocortlsone all show fluorescance. Rotlfers *

¢

exposed to "100, uq hydrocort1son% though do not fluoresce
& VAR ., ' :
- ﬁat “any age. The%e resultércould be 1nterpreted as .
. B f ¥ { 1 . N ,
llows: T , : o R -
. ﬁ‘ T
o , Even 1f.there ks no fluorescence, lysosomes may . . .o
. . ‘ Lo . . . S ' , .y
still be present), in _this . case th¢ lysosomes may either
. - B R - o .
= ' be tp few or té-gmal)l to absorb the stain’'as “1n the oo
o . ’ ) . o - )
newbonn rotifersy or’ the-stain might not.penetrate.the ) '
' ¥ b .

lysosomal membrane. R / ‘ z ¢

. ~ ”

CoL B :

fa i 1f the.mewbrane 1s.stab11129d by the . i

- . 8 *n - “ . .
glucocort1cq1ds, the ladk of stazn:ng could represent a: .

. ’ ] C <L L '

cfaxlure uﬁ sxaxn*penetration in .these conditions. “ o
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The mechanism of action of the FluoroBora stain 15

uqclear. The staining system consists of highly boragnic ]
aqy2

derivatives which {;e solubilized with a carraier
. o

‘ buffer (Gallop et al, 1982). This system stains li1ving '
i . ) . ' ’
cells and wi1ll transport water i1nsoluble agents acrogss -

' »
the cell membrane. The system will then break_up,_ . 4

allowing the fluores;ent portion to;enter lipophilic

%
¢

regions of the cell and ﬁﬁe boronic aéid‘wfll form

complexgs with hydroxyl and amino groups (Gallop, 14§;J. ‘

W Lysosomes are sac-like o?ganqlles consist?hg of a .
single lipopzotein mepbrane (Pitt, 1%75; Dean, 1957)"

~

! Lysosomes contain a large array of enzymes tapable of
. ° -
degrading almost all of the 1mportant macromolecules of
. N . ‘ J ' - ' i ) R )
cell” (Pitt, 1975). Thus they play an important role. -
~ N X _ '

in t;é'destruction of foreign materials, thus they act as
. L ]

L th

S 8 , .
a defense mechanism for the organism. (Dean, 1977). . .
Release of of enzymes:'from lysd%omeg'thQGQhJGan lead tot T NN

{nJury'dr death of the cell and disease fom the organism

H

(Pitt, 975). Y ( .

Cortisbne and hydrocortisone have been found to . ‘;

stabglize\the membcane of lysosomes. Symons, Lewis and P

’

.,Ancillﬂﬁlbéqgvadded cortisone to liver lysosames of ' T

e~ - R

. rabb.it.s/and found that less of the lysosomal enzymes acil"j*f ) r
v P . e . ¢ " \\
o . pha;phata%e and B-g1ucusonidase were reltased fr?m the' . - :

. N - B + ¥ W
' , " ¥ 1
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slysosomes, indicating that these were stabilized by

k]

cortisone. If another study by Pollock and Brown (1971),

cortisone was also found to i1nhibit release of lysosomal

-

enzymes 1n hepatic lysosomes. N

It is possible that cortisome and hydrocortisone are .

'etabillﬂxng the lysosomal membranes in the rotifer,

resu1t1ng‘in less degradative activity in the cells, thus
~
slowing the aging process and resulting in the concurrent

lifespan 1ncrease. It is possible that we do not observe

~

the usual lysosomal staining 1in the cortisone and )
Y

. ¥ & .
hydrocortisone treated rotifers beFause the cortisone and

hydrocort1séne stabilized the membranes to the extent
. N

that the dye can no’longer penetrate and that cellular
breakdown and turnover are reduced. Th{s would“exglain

‘ -

why we see no stain’in precisely thoip-rotifers whose

- / i}

leespan is sxgnlfxcantly extended by cortxsone or

hydrocort1sone treatment. Slnce the lysosome 1saa normal

"

constituent of all eukanyotic cells, it ?s not regsonabfe
to suggest that lack of fluorescent staining represents

v
o . o
‘

©an absencebof lysosomes.

Cortlsone and qydrocortlsone are both

glucocort1c01ds and both increase the mean. leespan of

- - -~ & ~ - LIS - -

the rptifer A. b ghtwe111. The lifespan 1ncrease in‘

. o — - ——— —

botﬁ cases is related to a,decrease in growth rate and a

~
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L}
possible effect on lysosomes. . ,
— - -
.The rotifers might have receptors that recogni:ze
‘ ]
glucocorticoids which mediate the physiological thanges . b

i
reported here. However, no evidence of glucocorticoids . T

1n other i1nvertebrates has been found. One instance:

-

where hydrocortisone hés‘been implicated 1s in tissue[ .

«

culture studies of in vitro aging.

Cristofalo and Ragona (1982) report that addition

of hydrocartlsone to the cul ture medium delays '

W . ; . ot
senescence, allowxng the cells :o go through 25 to SO %
more dapflation douhangs. IQe'mechaéism of aétic; by . Yy
which hyé?bcortisbne aeﬁgys seﬁeséence an enhances ‘ h -
population:dogbl{ng in the tissdelculture celis‘is ho}

5

clear.

- . . Ethanol )
A . * L

Ethanol was Msed _as the sqfvent for all the’
f
hormonessused in this study.. Dur1ng each hormone
1 n ! L
expefiment an ethanol contrbl was run, which consisted

3

of, the same concentrations as the hormones, namely 10

s -
- - . ar ~ - - PR v - -

50, 100, 200, 400 and 800 uM. the results obtained from

{) f
each of these runs will be briefly analyzed here.

—_ "

v

. - . S : : C .
.
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_ The results obtarned for the mean lifespan of the

rotifer 1ndicate that ethamol does not, affect the

{ lifegspan of the rotifer; only one set of results shows a
. Ui -
decrease in lifespan at 400 and 800 uM, but the other

* . three ‘sets of results do not.

'Ethanol was tested as a contfol at all these

“

Foncentratlonslba make sure that: the effects' of the

hormones on the rotifer wete due fo the hormones

12

» themselves and not due to the ethanol they were dissolved -
] [ ]

e

in. . .

From the results obtained, it is apparent .that

1

gthanol doessnot influence the lifespan of the rotifer.

“~

-¥ . An -excessive concentration of ethanpl might have a toxic

ﬂfQCt' e N

o

+

Fecundity .

—— - e ne o — ‘

, . \ ' ' ‘
' R The offspring number was only reduced at 400 and 800
‘ uM ethanol in one set of data.- In-all other Eases,

, . offspring number was not"influenced by any of theg ethanol®
concentrations.. I‘ R N o Lo

‘ ).\

v . * . )_“
Thus ethanol appears to have no effect on tbego
, ~ el - - < . ' » ‘!‘., -
~fertility of the rotifer A. brightwellie~ * . o ]

- ' i LA N
; -, : -
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., Three nerve blockers, micetine, procaine and \\\\\\

4 -
atropine were exdmined for. their effect on the, lifespan
B o -

and fecundi‘ty of the rotifer A. brlghtwellx. Nicotine

~ ’

and procaine did nof yhfluence the li1fespan of the

L . b
rotifer, whereas atropine increased rotifer lifespan.

v

. The atropine concentration that caused a lifespan

increase also. . produced-'a decline in food consumption of

R | o
the rotifers as monitored by their intake of peutral red .
stained'parajgcium. The reason coh;d be that digéstion .

“isg under neuronal influence and atropine is inhibiting

1

, the feeéding mechanism.  Atropine is muscarinic nerve -

L4
L)

blocker. =» o '

Four hormones, thyroxine,uB—estradiol, cortisone -

and hydrocortlsone were examined’ for t eir effect, on the

o ——— o ——

leespan and fecundlty of the rotifer’ A Q_ ghtwella.n

i

Thyroxzne had no effect on the rot1fer, B—estradiol
7

prOVEd to be tOXlC, but both cortxsone and hydrocortlsone (f\\
??

1

1ncreased rdtlfer lgfespan. Measurement of body size -
_showed thaf less,grbdth took.place in the presence of

‘specific cortisone and hydrocortisone concentrations.

These glucccorticoips:also altered the staining of

\ y
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kY
'

lysosomes, possibly by altering the permeability of-the )
° 1

a

lysosomal membrane and decreasing cell turmover and -
degradation. ' Lo - °
L4 .
o ° . N .
The lack aof staining of lysosomes could’'be due to .
decreased membrane permeability which ‘alters cell aging.
» " . .
However, the effect of the glucocorticoids on lysosomes
: : | ‘
in the rotifer is still speculative.. r | :
o '
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Append1 xwrl
v
Stock Buffer Solution '
For culturing Pardmecia/rotifers ) . .
: - ¢
COMPONENT '-kQLECULAR WEIGHT- AMOUNT USED
distilled H O - 250.0 ml ‘ .-
2 .
NaH PO . 137.99 ) .
2 4 34.5 g \
NaQGH . 40.0
’ 4.0 g .
3
- . . and appropriate .
- amount of 0.5 M . -
— + solution
Disti1lled water, 'NaH PO and NaOH are added together
) 2 4 ~ . : -
1in a S00 ml ’ . i - -
Erfenmeyer flask. In order to obtain a pH of 6.8B, an
* appropriate amount of 0.5 M NaOH solution 1s added.
For every liter of medium, 7.0&ml of the stock buffer i
. ‘ ’a
solution is needed.
. ]
. | . \
1 . “ .
. '
A
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sAppendlx I'l

F

The following section contains the averages and F

values of the replicate lifespan experiments for the Pt
hormones and nerve blockers.
\ Each replicate experiment. for each chemical 138
N .
referred to as a set, thus the first lifespan experimeﬁt ¢
done 1s called set 1, the second 1s set 2 and the third
L]
- . 19 set 3. :
v ‘ ¢ . i
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THE EFFECT OF NICOTINE ON THENLIFE-SPAN OF A. BRIGHTWELL1
» (N = 24),
. S ‘ ! Concentration of Nicfc_::txne solution (percent)
0 ., 0.000001 0.0000025 0.000005
T IR _
! Mean- Lifespan
, *+ S.E.M, Y -t -
(Days) ) . . ?
Set 1 5.25 + 0.21 5.29 + 0.19 S5.50 + 0.27 5.32 + 0.20 N
Set 2 S5.32 + 0.22 5.40 + 0.17 5.63 + 0.2C S.42 + 0.29
. . Set 3 S5.57 + 0.30 5.34 + 0.15 S.70 + 0.29 5.57 + 0.22
N ? .}'; . -
-\ g'l
) ’ < _ . ~
4 ‘ . ¢
. 1
A ]
r N - [
- 1 ’
b /
4 . , " ‘ » -
ﬂ" v o -
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THE F VALUES OF THE POST HOC TUKEY TEST USED TO EVALUATE -
SIGNIFICANCE BETWEEN MEAN LIFE-SPAN OF NICOTINE-TREATED
ROTIFER GROUPS WITH CONTROLS N

—— -
Experimental Set ¥ F vakue
_______________________________________________ reth . . . o  an
Set 1 F (3,92) = 0.678; p>0.05
: ; _
Set 2 F(3,92) = 0.779; p»0.05
Set 3 F (3,92) = 0.694; p>0.05
e - -
., ]
W
L v
, &

s
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THE. EFFECT OF RROCAINE ON THE LIFE-SPAN OF A. BRIGHIWELL]
S (N = 24) N
o ) g - Concentration of Procaine solution (E-05 %)
y . ,
0 1 2.9 2 10 25 50
Mean Lifespan )
+ S.E.M.
v " (Days) ‘
. - Set 1 S.43  5.40 5.47 5.39 S.45 5.37 5.10
+0.153 +0.13 +0.21 +0.16 +0.22 +0.14 +0.21
Set 2 5.50 5.54 5.59 8.5 5.40 5.49’ S5.295
+0.16 +0.22 +0.,13 +0.25 +0.11 0,12 +0.17
» N Set 3 5.37 5.39 5.495 J3.49 5.36 5.31 5.08 -
+0.11 +0.85 +0.13 +0.19 +0.24 +0.22 +0.16
\
. >
N -~ ‘ ) -
\ ) ‘ ,
” oy
'4 —- .
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i d THE F VALWES 0OF THE POST.-HOC _TUKEY TEST WSED TO EVALUATE ': . ®
SIGNIFICANCE BETWEEN MEAN LIFE-SPAN OF PROCAINE-TREATED \ ’
. ROTIFER GROUPS WETH CONTROLS . ’
g Experimental Set - Fevalue !
‘ 9
- et 1 , ' F (6,161) = 2.374; p>0.05
Set 2 - F (6,161) = 1.942; p>0.05
) Set 3 T UF (b,161) = 2.748; p>0.05
T — e
4
' - ’ - . 4
) L] , 'k e
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THE EFFECT OF ATROPINE ON THE LIFE-SPAN OF A. BRIGHTIWELLI
: (N = '24)
Concentration of Atropine solution fApercent )
0 0:0001 07.00025 - 0.0005
Mean Lifespan .
~* S.E.M, . ' i
(Days) .
Set 1° 5.85 + 0.14 35.72 + 0.10 6,193
. .

6}
1]
W
1t
O
L

Set 2 5.59°

+
+
o
o
wt

Set 3 S.

0.08 5.63 + 0.09 64.08 0.13 5.11

P v . . ‘
69 % 0.17 S5.75 + Q ¥
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* THE F WALUES OF THE ROST HOC TUKEY TEST USED TO EVALUATE
SIGNIF ICANCE - BETWEEN MEAN LIFE-SPAN OF- ATROP INE-TREATED
ROTIFER GROUPS WITH oLS : .
ot ’
" Experimental Set F value
Set 1 " F (3, 92) = 4,78B4; 'p<0.0S .
Set 2 L F 3\ 92) = 4.653; p40.05 N ,
% N . -
Set 3 . F (3,989 " = 4.582; pc0.05
’ \\
] N L
—"_"": ____________________ 1—~—-J_\ ———————— “"““"'—"_—_"--’"-T—,‘:__
o ) “ /
\ . e ) .
e .
- Fl "‘Q ——m 9
) o . o A
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THE EFFECT OF THYROXINE ON THE LIFE-SFAN OF A. BRIGHTWELL!
oL (N = 24) .

~
»

Concentration of Thyroxine solution (uM)

0 10 350 @ 100 200 T 400 BOQ
Mean Lifespan Vo . ’ "
i' S.E.M- * : "l . . \
(Days) - — . ’ )

Set I S.69 .47 S.00 5.19 5,10 ‘4.33 &.12
+0.23 #0%21 +0.19 +0.24 +0.17. +p.25 +0.19

+ N s N ‘ ) . -

set’ 2 5.70 S.64 5.35 S.24  S.17  4.10 (4.Q6
+0.29 +0.14 +0.21 +0,25. +0.19 +0.23"' +0.27 ~

@ \j '
Set 3 5.63 5.48 5.24 S5.29 S5.06 4.19  4.12
. +0.25 +0.18 #0.17 40.24 +0.27 . +0.19 +0.22
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THE F VALUES OF THE POST HOC TUKEY TEST USED TO EVALUATE
SIGNIFICANCE BETWEEN MEAN LIFE-SPAN OF THYROX [NE-TREATED * * -
ROTIFER GROUPS WITH CONTROLS :
- . .Expe"rimental Set F value .
Set 1 - F (b,161) = 2.1343 p>0.0S ’
T Set 2 " F- (6:161) = 2.083; -p>0.05 %,
Set 3 F (6,161) = 1.9983 p>0,05 x ; ’
, ‘ .
. A -
¢ ' N
~ , = ’ * ,
% -
y ., \
L] > \‘
N - - O S
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, § o S
- " , ‘ , L]
. . K )
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THE EFFECT OF B-ESTRADIOL ON THE LIFE-SPAN OF A~ BRIGHTW
(N = 24) .

Concentrétlon o§~B-estradiol solution (uM)

. 0’ 10 50 100 200 400 800
Mean Lifespan T
.- + S.E.M. | \ .
X Days) ‘ ' - v
_——_—_—_————————————E— ———————————————————————————————— — e e — s ——
i « Set’I 5.89 S5.00 4.98 4.76 2.85 2.36 2.39
- +0.11  +0.15 - %0.25 #0.34 +0.23 ﬁgilq +0.29
- ]
Set 2 S.17 4.99 4.85 4.62 2.92 2.43 2.40
. +0.21 +0.24 +0.11 +0.19 +0.17 .#0.27 +0.26
) Set 3 . 5.23 S5.15 4.85 4.72 3.08 2.76 2:53
+0.32 +0.23 *0.17 #0.14° +0.22 +0.27° +0.13
‘ \
- \\\\\ ; -<
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- THE F VALUES OF THE POST HOC TUKEY TEST USED TO EVALUATE
SIGNIFICANCE BETWEEN MEAN LIFE-SPAN OF B-ESTRADIOL- TREATED
ROTIFER GROUPS WITH CONTROLSy . -
r—Em:)(:.»r1mer\tal'$et;_ ~ F value - '
__________________________ N e e e e el S e P = = - o - B —
o Set 1 F t6,161) = 10.139; p<£0.01
Set 2 JF (6,161) = 11.098; p<0.01 |
i Set 3 F (6,161) = 10.736; p<0.01 T~
\ P "= |- .
_________________________ O U
. b ' '
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THE EFFECT OF CORTISONE ON THE LIFE-SPAN’QOF A. BRIGHTNELLI“

(N = 24) .

-~/ijyéentrgtxon of Cortigone solution (uM)
0 1o~ 50 100 200

400" B0

Mlan LL1fespan . '

+ S.E.M.
(Days)
Set 1 5.41 5.49 5.53 6.56 6{ﬁ3 5.18 3.07
+0.32 +68.29 +0.27 +0.35 +0.32 +0.21  +0.24
’
Set 2  S5.50 S5.61 - 5.65 6.62 6.54 5.23  S5.10
+0.24 +0.23 +0,19 +0.14 +0.32 +0.21 +0.22
‘.-
Set 3 *5.45 5.50  5.57 ° 6.52 6.47 5.12 5.09
+0.11 #0.15 +0.23 +0.32 +0.22 $0.27 +0.I17
. . ° \/
\:‘ -
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THE F YALUES OF THE POST HOP TUKEY TEST USED TO EVALUATE
SIGNIFICANCE BETWEEN MEAN LIFE-SPAN OF CORTISOME-IREANTED
ROTIFER GROUPS WITH CONTROLS

Experimental Set » F value

e e e e ____.
Set L., - F (6,161) = 6.988; p£0.01
Set 2 ) Fgp,16D) = 7.088; pP<D.01
Set 3 - F (6,161) = 7.237;4p£0.01
o e o s
) N\
‘ ’ p
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THE EFFECT OF HYDROCORTISONE ON THE LIFE-SPAN OF

A. BRIGHTWELL]I

(N.= 24)

Concentration of Hydrocortisone solution (uM)

0 10 30
Mean L1Te®pan T
+ S.E.M.
(D ) .
ays)
Set 1| 5.57 5.99 5.43
- +0.11 +0.21 +0.17
-
Set 2- 5.63 S5.67 5.53
+0.21 +0.12 +0.17
Set 3. 3.951 3.62 9.959
“+0.11 +0.14 +0.09
] +
A
&
A
\
- d ’.‘ !
1 LY

WM

100 200 400 BOO
6.38  2.19  0.93 0.84
+0.19 +0.23 +0.13 +0.17
6.54, 3:45 1.02 0.87
+0.16 +0.14 +0,22 +0.23
M Yhe
& 1.84  0.88 .69
+0.08 +0.21 +0.10 .12
a S
L J
©
- , \
{
4 . .

a%;
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THE F VALUES OF THE POST HOC TUKEY TEST USED TO EVALUATE
SIGNIF ICANCE BETWEEN MEAN LIFE-SPAN OF *HYDROCORT ISONE . . .
-TREATED RQOTIFER GROUP§ WITH CONTROLS ' ) .
Experimental Set F value -
) ST , F (6,161) = 10.345; p<0.01
' Set a2+ ' F (6,161) = 11.032; p<0.01
} Set 3 F (b,161) = 10.473; p<0.01
X .
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\ Appendix 111 .
- ‘. \
0T - -
) Photomicrodraphs . \ ’
R . ’ . ~ °
C. Reichert light microscope with 4 camera .
wa——— n N
3 * .
A . x, . .
attactiement was used to take the photomicrographs. - - P
R Kodacolor VR color filmj; ASA 1000 was used. - S
» . ~ R , ‘1 - . ,
£ -
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. PLATE 1. ‘A two day old A. brightwelli exposed to
‘ regular medium (control). . The medium -
. .contained paramecia stained with 0.75 ug/ml,
L neutral red. The gut coloration of the rotifer
. . is caused by ingestion of péramecia stained ’
. ST , —with neutral red.
. ‘ s F) , ) - . ir
‘ R . S \
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atropine solution.” The solution contained

parameciua stdined with 0,75 ug/ml neutral red.

—— i — S o -

, - -
PLATE 2. A two old A. brightwelli exposed to 0.0001%

~

The gut coloration is caused by ingestion of

paramecia

stained with neutral red.
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- PLATE 3. A two day old A. bright

A Y ' , P ! q// e
0.00085% atropine solution. The solution . .

. , . ‘ DR 1. 7
” contained paramecium stained with .75 g/ml
!. 1 ’ ot . ’
neutral- red. The gut. coloration o

N -

/fﬁe rotifer ’ {

' b \with neutral réd, s
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