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A HAEþIATOTæTCAÉ ST{JÐY OF' THE GENUS NOTBOPTS

Plarllyr' Joyoe Bond.ar

ABSÍtsACT

lhe purpose of Ëhls study was (r) to estabLl,sh the
general blood plcüure of the genus $otropls; (Z) to show

the response of the blood. cells to varlous experimeaüal
cond.lülons of tenpenature and. d.Let 3 ß) to Locate tbe
haematopoletic ttssues und.er aormal and. erqrertnenbar

cond.ltlons, and. (¿*) to arnlve at a posslbre seheme of
blood ce].I formatlon.

The stud.y of ühe generar blood. preture was mad.e

nore dtffLcuLt by the smal-r vorr.¡ne of blood. avallable from
the mLnnows" The d.tfferentLal- blood. oot¡nts, ühe red cerl
counts ancl ühe haemoglobln r,vere tabulated. wLth mosË of the
ernphasls placed. on e:q)erlnentf.ng wLüh the blood. eoagul_atlon"

the resulüs of the bLood. elottlng experlnents showed. t]nat
tbe cLoütlng mechanlsm wag sr.mLlar to EhBt of hlgher ¡aammarsn

The nLnnons we*e subJected., 1n the experrnenüal,

sfud.3.es, to chânges ofl d.Let and teqperature. The experf.nent-
al' results, both tabular and graphlo, showed. the d.Lneet

reBponse of tlre blood. oel.le to the experS.uneni;al cond.f.t1ons"

1f3-th an Lnorease Ln tenperature, there was a iLLreot lncrease
ln the red. oell cor¡nt and. the haenoglobLn ruLthLn twenüy-four
hours' Temperatr¡re lncrease oombl.ned. wlth a rLver dleü al.so



resulted Ln a nlse ln the erytbrocyüe eount and. the

haemoglobln wlthln twenty-four hours" rhls lnorease to
ühe conb1ned. sttnull, wag sllghtly greaüer than the
response 'bo tenperaüure lncrease alone, In the thlrd.
experlnent, wlth vLtamin E}12 feed,lng, there rvas an ln-
crease f-a erythrooyte cot¡nt and. haenoglobln w1thln ür*enty-

f,our hourgn

ïn all three experlmenËs the red. blooô eelrs and. the
iraenoglobln respond.ed. to üiee experLuental cond.ltlons ¡rytthj.a

twenty-f,our hours by inoreasS.ng. Idhen the flsb have ad.apted.

to their stLnull, the eryËkrrocyte eounËs arxd. the haenoglobLn

read.l.ngs stop orlmbing and. assuned. a fa5-nry oonstant read.lng.
ThLs constanË read.lng was nefer"red. to as the stablllzed.
prod.r.lctlon rateo A stabl-u.zed. prod.ustlon rate of blood.

oeLLs was reached. wLthlrr 18 to zL d.aye ln Er¡penlnent ru
wlthtn 14 days 1n Experi.nent rr, and. ln 12 to l¿p days ln
ExperS.nenË rrr" The stabf.ll-zed. prod.uotLon rates varLed.

aecorilLag to the affecüs of the experj.neatal EtlnuLL used."

?he haenatcpoLetlc orgâxrs und.er normal and. experlment*
aL cond.ltlons Blere for¡nd. to be sLml-Lar Ëo the enbryonl.c sLtes
of d.eveJ-opnents Ln hf.gher ma.mmalso rn the genus $.a.Eropås the
klitney and. the spleen were the S"argesÈ prod.ueers of the blood.

cells, the Ilver and the lntesÈlne prod.uoed. on a much smarler
soale. Und.er experS.menüaL co¡rd.l-tlons of l.ncreased. tennpera-

ture¡ or lnoreaged. tenperature and. d.leü gupplement, or a



vlüanln Br2 d.let, the k5.cùaey, spleen, Ilven a¡.d. lntestlne,
B¡ere found. to manufaoture blood eells at a mueh hlgher rate
than rrnflsp normal cond.ltLons"

An lntenslve exa^nlnatlon of haematopoLetlo tLssues

revealed. large anil small- lympboLd. hemoblasËso From the

3.arge 1-ynpholÖ hemobLasts, grarrulocytes d.eveloped. a¡¡cl fron
the snall hemobLasts the renalnLng blood. oel3.s ürere formed."

The ¡noile of blood. celL formatLon of the genus Notropi.e

approached. the neo-unltarLan [ypoËhesLs.
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CTAPTER I

TT{E PROBI.EIVI

$uch research has been d.one and. ls stlll belng

cond.ucted oa hlgher mammals and. 1n human hae¡raËologJ¡" In
the lower vertebrates, parülcu1arly ln the realn of fishes,
ühe anount of deùalled. haenatologlcal research 1s llnLted..

fhe naJorlty of the research completed. on the flshes was

concenürated. la the fleJ-d.s of blochemlstry ar:d. physf.ology.

STATESEO{T OF THE PROBI,E}{

The purpose of thls researeh was (1) to establish
the general blood pJ.oture of the genus Notropls, (2) to
show the response of tbe blood. cells to varlol¡s enperlment-

al condltlons of Ëenperaüure and. d.let, (3) to locate the

haenatopoletlc tlssues r¡ncLer normal arrd experl-mental

cond.Ltlons, and. (&) to arnlve ai ühe posslble seheme of
blood. ceJ.J- fornation.



CHAPTEB IT

BEVTEW OF THE HTSEOBT

2catton- stud.lecl the brood. cer.ls of oerbaln TereosËs

(trout, roaoh and. perch) and. for¡nd. they oonsLsted. of
nucleaüed. ergthrocytes, reü1culoeybes, nucleated. thrombocytes,

ooarse and. flne granulocytes and. lynphocytes of varylng slzes"
Basophlls and. monocyteÊ were general1y lackLng, A few

representatlve whrte bLood cor,¡nts and. erythrocyüe cor,rrrts of
varlous flshes have been listed. by Ðounoey5. DeternlaatLon
of the eryührooyte cor.rnts and. the haemoglobln conüents ürere

serlousLy complLcated. by a very rapld clottlng tlrne, The

general blood. pf-cture of the genus Notropls has noû been

tabulated ln the llterature.
2,LSal-to-- experlmented. wlth the elements of b1ood.

coagulatf-on end. blood eoagulaËlon tlneo He for¡ncl Ëhat the

bLood. of flsh requlred. about one mlnute for perfect
coagulaülon" Further stualies of sattoZl d.lscrosed. that the

blood. of the fLsh oontatned. fewer platelets than that of
humans. Generally speaktng, he fot¡nd that the nechanlsn for
coagulatlon of flsh blood- nore prlnlËive thaa that of
mamEals.

The red. blood- cell eounts nacle by Snttfiz& on the

llver-fed. trouü T'sere found. to be hlgher than ¡r1ld. trout
counts, unfortunately thls experlment v¡as not oond_ucted.
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uJtÖer controlled- eond.ltlons " Theref ore, 1È was not

concruslve ühat the llver d.leü lqras the faotor responsible

for bhe rlse 1n erythrocytes.

Vltanln B* therapy has been used. successfully in
treatment of pernf-clous anemlan fhe effecüs on the

haenatopoletie system were comparable wlüh those seen ln
l1ver therapy. wlth reJ.atlvely large anounts of vltanln BlZo

the narroú¡ plcture may return to nornal tn 48-?Z hours

accord.lng üo Had. anrd. ca"npþerIl0. Bevler¡¡ of the lrterature
dld. not reveal any eåperlments using vltanln B1g as a f l_sh

food. supplenent,

The ad.vances Ln our knowled.ge of blood. cell formation

f.n the lower verüebrates, has been largely due üo Dornrey5,
2.2 6 ? 13 1? laYoffey-', Dubhle", Catton-, Jord.an'l, SpeioeL-t, Beznlkofît7,

17

and ÐrzewLna', Orr ühe basls of hlstologlcal exa¡nlnatton of
the kldneys of certaLn flshes, several Èheorles as to the

nature of the süem celJ-s anil the process of blood. ceJ.J.

d.evelopment Ìrave been ad.vanoed_. These theorles are tnore

thoroughly dlscussed. ln Chapter VII,
Ðowney5 reporüed. thaü the mesonephros of the kf.d-aey

was generally the pred.oml-nent haenatopoLetlc orgarr ln the

teleost, {lhe spleen had. only an aocessory roleo Ëlowever,

there Bras great varlatlon wlth regard. to the relatLve
haemaùopoletle actf.vlty of spleen and. kldney. Thus ln bautog,

scr¡p and. funÖulus the spleen was relatlvely actlve; ln Ëhe
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gold.flsh, buffalo*flsh anit fround.er Lb was reratlvery ln-
aetlve; 1n trouü and. earp, spleen and. kld¡reys were about

equalJ-y actlve"

The spJ.een of üeleostE was generally d"escrlbed by
OrtToffey'r as csatalnlng lymphord. trssuen pulp aad. erllpsoid.

cerrs, He conclud.ed thåü the bLood. fro¡sed. through the

lynphold. tLssues and. recelved froa Lt Èhe ilevelop1ng oells"
Jord.anr and. Spel¿etl3 reBorted. eoslnophl.ls a^Ed.

tr-ynphocytes enveloplag ühe spreale arter!.ole, Jonclan a¡rd
_. _'l ? 2ry
speLd.e3.*r and. Yoffey- r f,o¡¡nd. no basophlrs preeenË Ln the

spleen, All three authors for¡nd. that the eenlle and. d.is-
LategratLng erytkrrocytes and. eostnophlls were phagocytlzed.

by nacrophages chlefl.y of retl_cular orlgi.a"
Ðowrrey5 stud.Led. the Lntertubular renal tåssuee

a¡rd. found. they nesenbled the 1¡rnphomyelold. Ëlssue of the
spleea as d,escrlbed by Jordan a:ed. speLôel.13 rynphooytes,
Ln varlous stages of anltosls ln the haenatopoleüle kldney

tlssue &rere reponËed. by Doloneey.5

Jord.an and. spef.aetl3 d.escrLbed the eoslaophtl-s as

havS-ng a d.ual orj.gln ln nost teleoeü flshes; from the

lynphooytes and. from the lntesüLnal con¡¡ectj.ve tlssues tn
the nucosa and. Bubmucoga"

Jn revi.ewJ.ng the lrüeraüure of the flshee generally
and. teleoets Ln pantleular, it was seerl that consld.erabLe

research has been compLeüed. on bhe blood. formattoa w1Ëh
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the vlew of enLarglng upon the mammallan brood formatlon
üheorles. Lltt1e acËuar mentlon was made ln the rlterauure
of the genus Notropls fron the haenatoroglcar polnü of vlew,



CTIAPTEE TTI

AN SPECIT4ENS

Fanlly:

Genusg

SpecJ.es:

Common nalneg

CyprlnLd.ae

NotropLs

b]-erurlus

the Ml,nnotrr gr more

of,Ëen caIIed. the Rl.ver ShLner

The mLnnoltts e F lgtrre I u were obtaLned fron Lalce Xff.nnf.peg

d.urlng the early part of 0ctober, The transfer of ühese

ml.nvrosrs from ühelr Lake habltaü to the maLn aquarl_um

presented. a fevr probrems" The transport was ma.cLe 3.n large
metar eontal-ners f LLled. u¡Lth lake vraber and. a smau ano¿rnt

of lce, The vessels were kept open durlng tbe d.rj.ve to the

unlverslty, A sinall tlre punp provj-ded. the extra aeratLon
necessary þefore the rnlnvroürs Brere plaeed. la the aquarlum,

[o aeellnatlze the mi.nnows to rLfe ln the aquarS.um

several preeautlonary measures were taken" Bhe tenperature
of ühe water ln the aquartrum *r. t ro centLgrad.e of the

lake water" Since these fLsh ln thelr naüuraL habfüat
were accustomeo to fasü runnlng sraüer and. an arnple eupply

of oxygene ühe aquarS.r¡¡a was arranged. aceordLngl.y" Rr.unnlng

water and. a¡r aLn hose were lnstaLl-ed. to provi-d.e ühe oxygen

and. ühe üurbulence necessary ln the wateru A ned.lcated.
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Flgure Io.'fhe HlnnolfE*"¿





I
aquarLun trH1gh-8a11ü was used. to neutrarLze an¡r aof_d.s and.

l-mpurS.ties t'h.a"t nlght collect at the bottom of the tank"
The number of nLnnows kept in stoolc wae Ln Ëhe ne1ghbor-

hood. of three hr¡ncl-red. and. f3.füy" The flsh used for experl-nenta.!

arork were tra.nsferred i-¡r snarl rurmbers to a test aquarlum"

The maln aquarS-un was used. J-argery as the coatrol tank,
Flgure rr" After a fourteen d.ay perlod. of aocl_lmatlzatlon
to theLr new habltat a^nd. d.let, ühe mLnnows were used for
fhe experl-mental vrork.

B U FEEÐTNG

Golôflsh fooö., üroplcal flsh food. and. pellets luere

fed. to the mlranowgo Threse food-s were nad.e up of crustacean
maferLa.l, proteln, fat, crud.e f1ber, aÊL7u d.rj.ed. fllee, epsom

sarts, meat meal, zv¡eLbacku d.rled. ski.n mLlk and. shrlrnp.

ThLs èLet provLd.ed. good. overalr nutri.tlon., the mln:tows

thrlved and. lncreased. ln wei-ght, Flgure III"

C N T{OBTALTÍY BATE

DurS.ng the tnLtLar transfer of ühe mLnnows from r,ake

Iff.nnS.peg to the unLversLty aquarlum no losses were l.ncurued."

rn the course of the accLLmatLzatf.o:r perloÕ the mortarlüy
raËe lncreased. to one or two nlnnows a d.ay f,on approxLmate3-y

tlrree weeksu Fol1owlng these tbree rueeks the nortality xate
d.ropped. üo an occaslonal d.eath usr.rally due to lnJury,
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Flgure f;}o o " The @@ntr@I aquarlusl

eentalnlng the nlnn@ng

treed. før the r€Fe&f,@h " u o
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Flgure IIf '"oVarLouË vlews of the genu.s Notropl-s,"o



È|_-+E_--..
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D " ACCÌ,IMATTZATION

The response of these flsh to vLbratory sot¡nd.s or
sud.d.en novemenÈs were tl¡e nal.n d.lfflculütes encountered ln
fheLr accllnatLzatlon. a ¡qooden shLeld. was placed. before
the graes çld.e of the aquarlun exposed. to tbe roonô The alr
hoee presÊL¡.re was Lncreased to absorb nosü of the extraneous

nolseu Arr alunLnun sereen was placed. over the üop of the
aqaarluu" These tkrree pr.eeautlonary meagu,res ellmlnated
loss'es d.ue to frLght or Junprag out of the ta¡k, The flsh
seld.on schooled. together i.n the corners but Bsra¡n over the
conplete length. of the aquarium"

E O BEIIAVTOTIB

The Lake a¡rd the aquarlun waüer were mod.erateiy warm
r.\at IJ- cenüJ-grad.e, The runnlng tap water and. al.r hose

provl.d.ed. the trlple beneflts of a srf.ghü waüer current, tlre
xr.ecessary aeraül.on and. the ¡nasklng or.e.t of most of the
extraneous nolse. The mlnnows swan abor¡t the aquarlu¡n ln a

free unLnhLb3.ted fa.shl-onn They fed boüh oa the surface and.

on the botüom of the taJak and. over a few nonths general
Lnoree-ses ln welghü a^nd. lengüh were observed."

.ae tbe Late faII and. wl-nter set ln, the temperature
of the tap water grad.u,atry d.ropped. üo approxlnately po

cenülgrade and. remalned. there, AÈ thls l0wer temperature the
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fJ.sh were more slugglsh Ln Ëhelr movenents, although theLr

aoülvlty lnereased. consld.erably at feedlng or und.er

ad.d.ltlonal a1r or water pressureo

{fhe betravlour of the experimeatal flsh varLed. l-n

aceond.ance to ühe stlnu1us used., In the exlperlment wl_th

temperature ohange the actLvtty of, the flsh lnoreased. dlrect*
Iy wtüh the tenperature rlse" The llver-fed. flsh lncreased

ln thelr actlvlty but thls actl-vlty seemed. üo be d.ue mal.n1y

fo the mountlng üemperaËure. The thLrd experlmental group

exblbLted. actl-vf.üy slnLl"ar to the llver-fed and. tenperature

control,Ieè f lsh, buÈ upon supplementlng the3-r dlet wlth
large d.oses of vltanln B* thetr actlvl"ty lncreased. narkeclJ.y"

They were more actlve swlmmers, rnore food. conscl-ous and. muctr

more dlfflouLt to net,

The varLous rabee of actLvlty ln the behavLour of the

mLnno¡ss d.ld. not e.Lter thelr general healthy appeararrceo

U¡.d.er all the expenlmental- stLnull ühey appeared to be qulte

we]-l aourlshed..
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METHODS ANÐ TEC¡U$IQUES

The study of the brood. of Notropls hras ha.npered. by

two maln faetors" The flrst was the sma]l volume of
blood. obtainable. fo quote ühe physj_ologlst, Ðocüor trrll1hela

^/I,Iund.er¿o fron hls book tltled. rtphyslology of the Freshroeter

Flshes of Central Europe.tt

ilf1sh blood. 1s only L/SO of tbe bod.y welght.rr
The seoond factor was the rapld. rate of blood_ coagulatlonu
fhe coaguratlon plus the s¡aall vo},me d.ld. not a]low muoh ln
the way of handllng tlnen Therefore, the experluentar work

and. equlpment h.ad. to be ad.Juste<i. to overoome ühese draw-
backs.

Three nethod.s were experlmented. wlth 1n obtalnlng the
maxlnum amounü of bIood. from the mLnnows, The flrst wae an

attenpt at d.rawlng the blood. direcüly from the hearË, rt
dlô not prove to be successful sLnce a need.le and_ syrlzrge

could. not be used. effectivelJ¡u DecaplËatlon was attempted.
but thls provlded. too J"arge a surface vo]-ume of 'olood

exposed. and. a,s a result coagulatlon set 1n before nuch of
the blood could- be utlllzed.o Neither of these method_s pro-
vld.ed. the necessary aqor.mt of blood.* The thlrd. neühod_

ad.opfed. provld"ed a smalrer surface volume of bIood., a more

contLnuous flow and. ar¡ easler procedure of obüaj.nlng lt,
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The nnln:row was held 1n cheese cloth, ühe talJ- reglon was

swabbed. wlth alcohol and. a sharp scalpel was used_ to sever

the talI a¡rterlor to the anal flnu tr'lgure fVo The severed.

1llac artery and. oüher s!0a11 blood. vessels provld"ed. a s].orç

stead.y strea'n of bIood., rf 1t was necessary to d.eerease the

coagulatlon tlne, the severed. area of the flsh was llghtly
brushed. wlth heparln" Thls method. usually provld.ed. enough

blood. from a slngle mlr:now to compJ-ete tlrc erythrocyte count,

haearoglobin readlng and. several d.lfferentlal smearso

TECHNIQTIES

1" CytologLeal Snears

Cytologloal snears were macle of the spleen, gonad.s,

kldneys, llver and. mesenËery. These Ênears were mad.e

d.lreotly fron the nlnnoius rolthln half pn hour of the sever-

Lng of thelr talls, These snears were wet flxed. in a

solutlon of equal voJ.umes of )Jrt aLoohol- and. eËher. The

stalnlng proced.ure used. for these cytologlcal smears was a

mod.lflcatlon of the Papanlcolaou cytology stalnrng method..18

The slLd.es were transferred. d.1-rectly from Ëhe alcohol-ether
solutlon bo the following:

1o d.lpped In BOft alcohol

2 o d.lpped. 1n 10ft alcohol

3, dlpped fn Jlft alcohol
L*, dlpped 1n d.lstlIled. HrO
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Flgrare IVn o nThe method- ad-opted" for obtalnlng

the blood, þY amputating the t'aIL

wlth a s@¿illpelo,o





JA staLned, 1n Ïlarclst hematoxylln frorn

mlnutes

L6

flve üo slx

rlnsed ln d.lstllJ-ed. HrO

d'lpped. lnto 0,25fr aqueous sorutlon of hydrochlorlo
acld.

rlnsed. ln tap water

dlpped ln d.lsülllerl HrO

dlpped rn J7fr alcohoJ.

dJ.pped Ln l0,l aloohol
d.Lpped. Ia 80ft atcohot

d.Lpped In gS,% alcohoJ.

stalned. in 0G-6 for tr¡¡o ¡nlnutes

dLpped In 95% atcohol
dlpped. In 95ø aleohol-

stalned. ln EA-65 for turc mlnuües

dlpped rn gjø alcohol
dlpped. In g5% alcohol
d.lpped ln absolute alcohol
dlpped ln a rnlxture of xy1o1-g5% aleohol
d.lpped ln xylol
d.lpped 1n xylol
mounted, 1n pernount

É,va

7,

8q

/o

10,

1T,

t2,
¡-3e

*i4ç

1<

t6,
xI? t

}8,
'lo

2o*

2L,

22"

23q

2LL

*0G-6 ."++ _EA-65, Cytology Êtalns contçrf,ned ånPapanl.colaous' nAttas of rxrôttarfie cyioioÀy;;ï8---*
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2, Hlstologloal Sectlons

The speclnens used. were f lxed- fn LAfr formallrrn Two

nethod.s of tlssue embed.d.lng were used.o the rapld. paraffln
meühod. and the ced.arwood. oli proced.ureo The latter metirod.

1s eontalned- l-n Guyersr 'rAnLmal- i4lcrology,,,9

.The rapld paraffln method. was d.evi.sed. by Mallory and.
oe

WrlghË.'r

lo The üissues stored. Ln IO/. formalln were used.

d.lrecü1y,

2u two to ühr"ee changes of acetone- 1*2 hours

3, two changes of beazene-J0 mlnutes eacin change

Iþn three changes of paraffln wax 1n the oven - 30

minutes each chang€"

5" Tlssues enbedd.ed. in pure paraffla,
The sectlons were cut wlth a Bausch and- Lom'o rotary mlcroüome,

floaüed" on warm water and. flxed. to the al-bunln-cc¡ated. sl.ld-es

by warnlng ùhe slldes genËly. The stalnlng procedure was as

fo]-lows:

1o the sectlons were lmmersed- ln xylol for L0-15

nlnutes to d.lssol-ve the paraffl.n

2, the seoblons lqrere d.lpped. l-n a solutlon of equal

volumes of xylol-g5% alcohol

3, dLppeÕ Ln 95/" alcohol
t+u d.lpped. 7n lofl alcohol

5 " d.lpped fn 50% alcohol.
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6, dlpped. In 3j% alcohol

7,'stalned. ln Harrlsr hematoxylln for 20 to J0 nlautes
B, rlnsed. in tap water

9o rlneed. ln aeld alcohol

10, dlpped. In 35% alooho]-

lf, d.lpped. In JOfi alcohol

12u dlpped. fn 10fi alcohol
L3, dipped Ln gjfr aloohol
14. sËal-ned. ln eosrn ln alcohol for 1-2 mlnutee

l5r rLnsed ln equal volumes of xylot -gS'Á alcohol
L6, o.lpped. ln xylo1

17 u d.lpped. tn xylol
18u mounted. tn pernnount

The sections were noiÀi read.y for microscopic exaralnatlon"

3" Technlque used. for Dl-.fferenülar Blood. snears

I' a clean slld.e wa.s tc¡uched. llghtJ-y to the severeo

. end. of the flsh,
2o the d-rop of blood. was ühlnry spread. on the slLd.e

. and. alr d.rled."

3 * ten d.rops of 1ørLght t s blood. etaln were add.ed. üo

the smear a.nd_ agltaÈed. for two mlnutes.
)+" Ëwenty d-rops of d.lstllled water were ad.d.ed. to Ëhe

Urlghtts statn and. thls ml,xture agltated. for
four mlnuËes,
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alr5, the slld.e was rlnsed. ln rumlng tap water and.

d.rled- 
"

The blood snears were ready for mlcroscoplc exa¡lnation..

t+* Technlque ÏJsed for Bed. Blood. CeI]- Cou:l'ts

The red. blood. eell counüs were d.eternlned. by uslng the

henooytoneter wlth the Neubauer eountLng chambero 'rh1s

techni-que.was üaken fron the text flAnlmal Hlcrologytt by
o

Guyer' pp" 116-118,

5o TechnloueLUseö for the ÐeternlnatLon of ühe Blood Clottlrur
Tlne

Two techni.ques ürere used to d.eterralne the coagulatlng

flme of the bl-ood. of Notropls.

]-. a small glass hematocrlt tube

2. a paraffin coated glass s}lc1e

The 1;u¡o technlqueÊ were used" a countress numler of tlmes

before ar-r accurate tlnlng could. be obtalned.. The f lrst nethod.

was not as favored slnce the glass tube alLowed. more error.
It was d.lfftcult to f 1Ie sna}} nLcks in the length of

the henatocrl-t tube, The amount of blooC. obtaj.nabl_e and. l_Ës

rapld. raüe of congeallng d.ld. not permlt sufflcLenü tlne for
the accurate breakage of the hematocrlt Ëube to d.etermlne the

f lrst flbr1n fornatLon. fhe hematocrlt neühod. wa.s used.

raalnly aB a check on Ëhe second. method., sLnce no J-arge
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surface of blood was exposed. ln the ütrbe Lt was used. aF a

check agalnsü the second, method. urhere a large surfaoe of

blood. was exposed. to the aLr, The dlfferences were negIlglble"
! Z second.s varlatlon was found. due to the hand.llng of the

tube and lts breakàEê, whereas on the paraffln coated. slld-e

the blood was d.rawn ouü v¡lth a glass rod. and. the fLrst flbrln
thread-s were lruned.lately observed..

Ftgure V shows sone of the equlpment used. Ln the etudy

and. Ff-gure VI shows the experlnenbal aquarlum"
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Flgure V,,o$o¡ne of the equipment used. for d.etermlnlng

the þleod. pletures of the genue NotropiÊ".o
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Flgure Vlu." Mlnnør¡s @6ntalned. ln the

experlaentel s,quarlu.E þèø
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CITAPTEB V

rHE GENffiAL BI,OOÐ PTCTUBE OF NOTBOPTS

A O DIFFEBENI'TAL BTOOD COIN{'TS OF THE }IINNOWS

The ftrst serles of blood. snears were mad-e after the

mlr.nows had. been lnstalled" ln the controlled aquarlu¡n for

three weeks. All the prevlous cor¡nts liùere used. only for

experlmentatlon wLth stal'as. The mlnnows were fed. the food.

referred üo 1n Chapter II, Feedtng. lhe temperaüure üIas

kepü falrly eonstant at LJo cenülgraden The ru¡nlng waüer

and. al-r hose were used. to keep the temperature and' the

oxygen conüenü falrly constant" The blood. Smears were Èaken

over a perlod of ten d.ays at approxl-nately the sane ülnte,

between l-0:00 âolr" to L1300 aomo, to dlscounË any changes d.ue

to acttvlty. The we3-ghü of the nlnnovrs used. waÊ approxlmafe-

ly 3"5 to & gramß, The cllfferentlal blood. cor.nts from the

üen speof.merrs used. ïIere wlthln the f o1lowLng rartge:

Neutrophlls l+-6fr

Eoslnophlls

BasophlLs

Lymphooyfos

I{onocytes

5-6%

o%

@ 6tI*67/"

zt+-26%

fn ühese smears, beslÖes the ¡,¡hlüe blood. cel]e and.

the erythrocytes, there were found. platelets, Lnmabure

erythrooyües, smud.ges of erythrocyüe nuclear naterLal
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dlslntegratLng celts, cellular c!-ebrls and. artlfacËs.

Flgures VII, VIII¡ IX¡ X, XI' XII.

B, E}G)ERTIqET{TATION WITI{ TTíE BTOOD CLOIT]NG MECHANISIVI

a serles of experlmenbs conclucted to d.etermlne lf

the blood clottlng mechafllÉm r,{as Eomewfrat sl-nlLar to that

of Ëhe hlgher 6¿mmalso

(1) *{ large drop of b}ood., obtalneil. fron the severed-

blooô vesselç of the mln3ow, was placed. l-n a watch glass

conüaLnlng a d.rop of sod.lun ci-trate soluülon" Thls xûlxture

d,ld not ooagulate, Tlowever, tühen a drop of caleLr¡.m chlorld.e

solutlon was ad"d.edo coagulatlon was lnttlated Lmmed'lately

and. a coûpLete clot uras formed- tn a fevi Second.s? Durlng

the ooagulatfon, nLeroscoplc exa$LnåtLon revealed' the flow

of erythrocyËes, f lbrln thread. f ormat'lon a"u.d' the raplil

fornatlon of a congeallng matrlxn

(2) A seoond. erperLment was coad.uoted by ad.d.lng a

drop of blooil üo a drop of heparln, no eoagulatJ-on oould' þe

Obgerved., even after one hour' I{h.en a d-rop of thrOmbln was

ad-d.ed. to thls nlxtu,re, lnmed.late ooagulatlon resulfed''

MlerOScople examL¡aati-on showed. Èhe gaBe process at work as

observed. ln the flrst experlment"

Experlnent (1) å^nd. t2') were d.rawn up J.n polnt form

as follows:
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Flgure ntt'.'.'"tytl"o1t-s of the genus Notropls"o

Figure VïIï"...,3íor}ío"eytes and e large iymphoeyt€o o.
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Flgure IX'.n Large lymphoe'ytes"uo X f200"

Flgrtre xo,,Lymphoeyte and. eoslnophllo " " x1200.



FEB . 57



27

Flgure XI.o.S"Ymphoeyte and. a Eto110@$têoae XIZ00.

Flgure XII""oA variety of blood @e11s*"a X 1200.
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(2') Bl-ood of Notropls + heparl_n

trrroËrrn

t rurrn/tornatLon
I

rL
CoagulaüT.on-*-+ cl-ot formatlon

Due to the small volume of blood. obtalnablee the

experS.rients of blood. coagulatlon were lLnlted." The blood.

reacted. slnllarly to hunar¡ bLood., w3-th the cj.trateo heparln,
ealclum and. thrombln. Several s}Id-es were smeared Just as the

fLbrln tl¡reads r{ere being formed. ln the coagulatlng gel,
These sLld.es were stalned slmllerly to the d.lfferenÈlal Eruearso

Mf.eroscople examLnatlon showed. an abr¡nd.ance of praüeleüs

concentrated. around, the ed.gee of blood. d.rops. The plateleüe
were approx1matel-y half the slze of the erythroeyües with a
dark cl.ense nucleus and a faLnü appearam.ce of cytoplasn

surround.lng thf.s nueleus, photo¡r¡l_crographs lllustrate the

sLze and. appearance of the plateleËs or thronboeytes,

3'l-gures XIII and. XIV"

Numerous f5-shu of approxLnately j"5 to 4 grans, ürere

experímented. wlth to d.eüermlne tbe blood. coagulat{ng tLne by

the Èechnlque referred. to ln ehapter rv, TeehLo*ues üsed. for

(1) Blood of Notropls + sod.3.r¡m cltrate
/

calclun chlorlite
/

fl-bnln fornatlon
CoagulaÍlon---) clot forrnatlon
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Flgure XIIIo. ofhrombooytes*. " X 1200,

Fi.gure XIV", nlhrsmþoeytesa o o [ 1200.
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the Determlnatlon of the Blood. Cloütllrg fLme, Aü LJo centl-
grade the resulÈs were as follows:

An average of L5.z t Z second.s elapsecl before the flrst
fLbrln thread. was d.rau¡n out. At an average of 26.4 t Z

second.s the blood" lqas qulte solld. and. mlcnoscoplcally no

erythrocyte movement was observed.n 15, Z t Z seconds d.i.d. not

refer to the gel process but to the flbrln thread. formatlono

The gel process üIas tlned. at an average of I2.5t 2 second.s.

Íhe coagulatlon tlme was unchanged by any appreciable

amount wLth a teæperature or d.1et change" Coagulating tlmes

were taken at the extremes of Ëhe experlmental temperaüure

ancl dLet feed.lng and. nelther of these showed a¡ty appreclable

change ln the coagulatlng tlme,

C. BEÐ BI.,OOD CEI,L COÜ}üTS

fhe red. blood- celì. count of Noürop1s, at the Ëempera-

Ëure of lJo C 
" , was d.etermlned. uslng the Neubaì¿er cor,rntlng

chamber, to be 2"67 tn ml}llons per cu" üur.o

Ð. IIAEMOGLOBIN

. The haemoglobln content rrslng 'bhe Sahll hemogloblno-

meter, was read as 30"9% or 4"4f grarns aü the üenperature of

L50A o

fhls covers the general blood. plcture of the genus

Notropls, lhe small volume of blood. llmlted. a more oompleËe



3L

blood plccure. It d.Ld. serve a purpose 1n establlshlng a

general baenatol-oglcal plcture for the ¡slnrows,



CHAPTEB VI

TFIE RESPONSE OF THE HAEI\ÍOPOIETIC ÎTSSUES [O

EXPEEIII{ENTAI, C ONDTTI ONS

The genus Notropls showed. excellent response üo

experlmental cond.Ltlons" The changes were d.eternlned. by

red. blood. cell counts, haemoglobln read.lngs and.

d.lfferentLal whlte blood. counts.

A, ÐGE¡ìIMEI{T I - EFFECTS 0F fEivtpERA,IUEE CHANGE

The prooed.ure for ühls tenperature chatlge tlras as

follows:

he control tank temperature had. d.ropped to g.joC" about

a month prlor to ühls experlment" Fi-ve of these mlr:nows

were used. to d.etermlne ühe red. blood. celL count, the

haemoglobln read.lng and. the d_lfferenülaI count" Thlrty-
flve mlnnoers rrere transferred fron the control tank üo an

experLnental aquartum at g,5oC" Flgure XV, All these

mlnrtows r'¡ere approxlmately J.8 to 4,2 grams In we1-ghü.

over a twenty-four hour perlod thg ten¡eraüure of the

experlmenta.l Èaqk lncreased. to ]:6*Soc* Thf-s experlmental

fank was ad.Justed. slmllarly to the oonüroI aquarlurn wlth
regard.s to aeratlon and. water f lowo The flsh were fed. the

sai¡e type and. amount of food- as ühe control flsh, The only
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Figure XV" " " Experieental equerlu¡s dlsplaylng the

fi.sho the flsh føød.s and. the øatøhlng

ngt oco
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cond.ltlon changecl was the lncreased. temperature from 9"SoC,

üo L6.5oCo The changes 1n the erythrocyÈe eor¡¡.ts and. the

haenoglobln reaiLlngs were tabulated. over a period. of three

weeks and. fhe resulÈs are shoem graphlcally" Tables I, II,
and, Graphs 1, 2u

The tables and graphs show that the lncrease of the

red blood oell oorrnts and. the haemoglobln read.lngs are

d.lnecüLy proportl-ona1 üo the Lncrease ln tenperaüure. The

graphs lnd.Lcate that the greatest change oocurred ln the

fLret trcenty-four hours, followed by an lncrease r¡nülL a

EtabllLzed. read"lng was reaclrecl ¡ølËbLn 18 Eo 2L d.ays,

Examlnatlon of the oontroL flsh sectlons (Ck¡apter VII)
dLd not reveal a^ny appreclable blood. reserves or large
haemaËopoletlo areas¡ but exanLnatlon of experi.mentar fLsh

secüloas revealed. extenslve areas of blood. cells Ln varlous

stages of d.evelopment ln the haematopol.etlc üi-ssues. There-

fore it Ls eoncluded. that the haematopoletlc organs produced"

thls lnerease wLthJ-n twenty-four hours 1n responÊe to Ëhe

stLmuLus of lncreased temperature.

B. ÐCPEBTF{EIüI TT - EFFECTS OF ÐIETABT CHAhTGE

EhLs expenLment was oond.uobeð sLmf.larþ Ëo EEpertment

wLth the ad.dltLon of a di-etary cbange. rwenty-fLve mlnr-rows

were tra,ïrsf eruecl f rom the conÈroL tank at g,SoAn to an

experS.nental- aquarlum at g,5oÇo Over a twenty-four hour
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TE}TPER.ATUBE CHANGE
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'ti:iz

t\:¿u

iâ,':¡i
!2:12

16,50

ii:ti

27,9%
28 "l%27 

"o/o27,5/"
28,O%

27 .g%
zB.5o/"
28,2,%
?,8,6i¿
28 

"3%

30,a%
33'5,4
33"5%
33*4F"
33r5%

4 "ol+l+.07
3"gL
3 "gB4 "06
tl.04
4.13
ll, oB
l+,06
&.10

l+.1+?
¿l.¿lg
4"48
4 "l+zl+ "46

30,5%
30,g%
30.9%
30,5%
30.8%

2.39
2 "lþo2,38
z o4o
2,32

2165
2 

'7Q2 "722.69
2"75

4,78
t+.Bs
4 "95l+"Bu
4r85

t+"95
t+.82
l+ 

"go4 "934' 91

t+ 
"gBt+,95

4"93
Ll'"95
l+ 

"93

3t+,21;
33.6%
33.8%
3Lþ,0;%
33,gfr

3t+.4/"
34 "2'Ã3Lþ"0/"
3Lþ,2%
34,O%

2.72
2 

"?l*2 r72
2 "73
2 r?t+

2 
"71*2"75

2"73
2 "742"76

* The control read.lngs"
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TI{E RESPONSE

rHE AVEBAGE

TA3IE TI

TT{E BLOOD OF NOTBOPTS

TTTE READÎNGS OF TABI,E

TO TEI{PERAIIIBE CHANGE

I USED FOB GBAPTÍTNG

OF

OF

Speclnen Tlne
Iot

Tqmp ' BBC 1n ml
er cu

*5

)

5

)

)

3o

1

2

7

Lt+

18

2L

g.50

16 o5o

16 r5o

16.50

16,5o

16 r5o

L6"5o

L.28

L,93

2 
"Q5

2.37

2 
"74

2,73

2 
"7t+

26.0%

2? r7%

28 "t%

3A,7%

33,3%

33 "g%

3t+.rfr

3,76

4.01

4.08

t+ 
"45

l+"83

t+"9L

4 
'91+

* The control read.lngs,
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perLod. the tenperature Lnoreased- to L6.soco The experlmental

tank was ad.Justed. 1n a manner slnllar to the control üa.nlc

wlth regards üo aeratlon ar¿d. water flow" Th,ese f lsh were fed.

a stralght d.1et of pre-cooked. l-lver whlch had. been grated. a:ad.

frozevt to facllltate the handIlng. Ehe changes ln the red.

blood. eeIl counts a¡rd. the haeuroglobln readlngs ürere tabulated.

and. graphed.. Tables III, IV and. Graphs 3, l+"

Graphs 5 aniô. 6 show the Otfferences of the red. blood

cel} counts and. the haemoglobln read.lngs ln respoii.se to the

st1null used-. The Experlnent rr read.lngs r¡rere conslsüently
hlgher than ühe read-lngs of Experlment r. The staþtllzed.
read.lngs of Experlnent II were .07 1n nllllons per ou. mm.o

hlgher ln the erythrocyte count and L"5f" hlgher irr the

haenoglobln, The stablllzed. read.lng was reackred ln 14 d.ays

!.n Erperlment II, four êays sooner than EEgerlment I which

took 18 d.ays" This conparlson seens to lnd.icate that there

was a qulcker response Ëo the conblned stLnull of Ëemperature

and J.1ver-d.let than to the stlnulus of temperaüure a1one"

SJ-nce the llver ls hlgh 1n lron contenü, a rlse in the

haemoglobln v¡as not surprlsl-ng, A rlse ln the red. blood. oell
counts Éeems to lnd.lcate that the llver ls an excellent aritl-
anaemlc faatoy"



{f1
2
3
l+

')

l_

2
3
Lt

5

I
2
3
lþ

5

t+o

TAB],8 ITT

TTE BESPONSE OT' Ti{E BLOOD OF NOTROPTS TO DTET.ABT CHANGE
ANÐ TEMPIIB*AJIURE TNCREASE

--
Elue Tgmp. BBC ln mllllons _ËeeeOg].obln

Specimen (days) (oc"l per cu" mm. ffi
g 

"5?9,5"^
o<rJ
's:í2
9.5-

it^:iz

!2:i3
Lq.52

iâiii
L6,5o

iâ:1i
l-.6. j"

'úiiz

i2:12

+2"22

il:i,

30
30
3o
30
3o

I
I
I
L
L

2
2
2
2
2

7
7
7
7
7

L4
1¿l
1&
1¿t

T4

L,2g
L,2B
r,30
L"28
L.2g

l,g 5
r. g8
1,92
r" g8
L.97

2,11
2.10
2"Og
2.07
2.08

z,60
2"50
2.50
2.6CI
z,5z

2 "852"80
2 "802.7 5
2 

"80
2 "82z"zB
2 u82
2*80
2"76

26,0%
25.8%
26.L%
25,gfr
z6 "z%

z7.g/"
zg 

"z%?8 
"0%28.4fr

28 "ofr

3.77
3"7t+
3 "783.75
3,79
ll',ol+
4.08
l+"06
4,11
4.Q6

Lþ.zo
)+.L9
t+ "tz¿t,,13
I+,!+

I
2
3
l+

I
2
3
l+

5

I
2
3
4
5

zg,oi6
28,g%
28,8%
zg. jl6
28.616

3i"ifr
33 "L%
33 "o%i3,4/"
33" 5%

35"5,4
3s" 516

35 "olt
3+ "gfr.
3t+"9%

36.6%
3s"i%
3s"6%
35,57å
35,t+/"

2L
2L
2t
?,L
2T

4 "85¿+.Zg
4"Tg
4.* 8¿þ
t+ 

"85

5 "L45.14
5,07
5,Q6
5 "A6

5,r,6
5.L4
5,16
5,Lt+
5"t3

x Tbe control readk¡gs.
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TABTE TV

THE BESPONSE OF THE BLOOD OF NOTBOPTS TO ÐTETABT CTIANGE
AJTD TETiIPEBATTJBE TNCREASE

Speolnen Tlne Tqnp. BBC ln ml3-llons Haenoglobln
f oia]. ( d.aysl _ (oC^ I _ per_ cu. nm" PercentaEe- eEa"ns

3A gnSa#5

5 I L6"5o

5 2 L6,5o

5 ? L6n50

j il+ r6"ja

52L L6 
"50

* The conËrol read.lngs"

7-"?B

r"96

2 rQ9,

2"56

2 "80
2"79

26 oofl 3 "?6
28"Lfr t+.0?

28.V" l+eL6

33 u3% 4.82

35"L% 5"Og

35 "4/" 5 "r4

,r{" 
*\t

.,:;i' .Í \
,'ltt'", ,,T > i

,i'Ë' ij¡i i:;j
í; J å'i 

,¡r,"'l:r d ' ${,'
l.r- * u.,/ ,"

tt.n,.._.. 

-, ,",rn. 
r/""
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c. E{PERIMdNT rII - THE EFFECTS OF uI'ÎÂMIN 812

Thlrty-flve nLnnows of approxl¡qaüely 3"8 to 4 gre:ns

1n welght were üransferred. f ro¡n a control tank at L5oC, to

a test aquarlum und.er slnlIar cond.lilons of waüer change,

aeratlon and. ternperatureo The flsh had. been fed Ëhe food.

outllned. ln Chapter II, Feed-1ngo The control flsh haenoglobln

and. erythrooyte eounüs ?üere tabulated.. The f lsh ln ühe

experlmental tank were fed. ühe food. out}lned. ln Chapter II¡
i'

Feed.tng, wlth ühe add.ltlon of a one a¡ril haLf 'capsules of

vltanln Bat mlxed ln the food."

Pulvules-Trlnslcon - EIl L1Ily and Company"

Each Pulvules contalnecl:

V!-üanLn B* wlth Inürlnslc factor
Concenürate, C.S.Ð. å unlt
VLtamln 81, (actlvlty equlvalenË) 7,5 meg,

Speclal. Llver - Sto¡aach eoncentrate t
t11Iy 1J0 ng"

Ferrous sulfaüe, Anhyctrous J00 ng"

Aseorblo acld- (VlËanln C) 75 mg.

Follc aeiÖ I ngo

ThLs experlment was contLnued. for 14 days, flve
mlnnows were used. for ea.eh d"eternlnatlon of the red blood.

ceJ.l oounÈs and. the haemoglobln read-lngso The behavlour of

theee experlmenüal flsh was outll"ned ln Chapter II, Behavl-oure

Graphs 7 anð- 8 show the rapJ.d. rlse 1n the haenoglobln



Í.ABI,E V

trHE BESPONSE OF THE BI,OOD OF NOÎBOPIS TO

t+7

\ÆraMïN 812

Tlme
Speclnen (d.ays)

Teup,
(oc. )

RBC ln nlIl-lons Ilaemoglobln
per cu. mm. Percentase Grams

30
3o
30
30
3o

1
1
I
I
I
2
2
2
?.

2

3
3
I
3
3

I
BIII

'åf 1
2
3
l+

5

I
2
3
4
5

I
2
3
L+

5

1
2
3
l+

5

+å;

il:
+::

#,

iã:
î'<o
1'5o

r¡1

ilz
il.
r<O
:s3
t5

!3rZ

iii
i1';
'1 4o
i4.

iiz

3,06
3*04
3,08
3*06
3.04

30 "gfi.
30,?fr
3A.gfr,
30.zft
3t"L%

3L,L%
3l-,4fr
3t.3%
3l-,zft,
30.gfr

3l "grþ3r"6fr
3t"B%
3l-,6ø
3l-.sfr

32,0%
32.L/"
3t,g%
32 "L%
33.8%

33,4fi
33 "2%33.2%
33.?.ñ
33,t+/,

33 "2,%
33 "0%
33 "2;r,
33 "l+/"33.0%

33,L%
32 "B%
33 "ofr32,?fr,
32,9fr

z "662 "672.66
z "682,68

I+ 
"46l+ 
"l+5t+.46

Lþ.52
t+"50

l+, So
4"55
I+"53
l+ 

"Szl+ 
"l+8

l"
2,

3
4
q

T
2
3
l+

5

I
2
3
l+

5

3 "623,59
3 "603.58
3"56

3.66
3,68
3"65
3,68
5 "L0
4"Bl+
t+ 

"96l+.82
l+.82
¿+" 88

3.92
3,88
3.92
3"96
3.88

t+.62
l+"58
l+,6L
¿1.58
t+.56

4"64
4.65
Lt.62
Lþ,65
4"go

I+.81+
I+"81
l+"81
l*.81
l+ 

"81+

&,81
11, 

"784,81
¿l,84
4,78

Lt',Tg
I+,7 5
4 "784.74
t+.77

L2
L2
L2
L2
T2

I¿}
I¿r.
LLtl
r4
1¿+

3.96
3"88
3,gLl
3"88
3"94

x The control read.lngsn
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riü BESPONSE

TI{E A\ÆRAGE OF

T.q,BIE

OF TifE BLOOÐ OF

TEE BF.AÐINGS OF

'tÆ

NorBoPrs ro wTAivirN Br 2

TA3I,E V TISED T'OR GRAPTÍIi{G

Speclmen llme Temp.
tota]- (davs) (oC" )

RBC ln mllIlons Haenogloblnper cu. mm. PercentaEe Grams

s5
5

5

5

5

5

)
c

3

6

I
t?

Lt+

30

I
2

150

t50

L50

150

t50
o

L5

L50

r50

2,67

3"05

3"59

3"66

5 "03
l+,86

3,9L

3.90

30 "g%

3l-"L%

3L"6,f,

32 
"0%

33 "6fi
33,2%

33.'L%

32"9F"

L* 
"l+z

u 
"5?.

4,59

Iv.62

Lþ,87

Lþ 

"82
¿t. Bo

t+"75

x The conüro1 nea.d.Lngs 
"
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read.lngÊ and- erythrocyte counts to a peak withln slx d.ays.

The curves were somewhat cl'naracterlstlo of growËh ctlrves

wlth ühe control flsh reaÖlngs as an inlüla1 perlod., ühe slx

d.ay gnad.ual rlse as the perlod. of e:rponenËla} muItlpIlcaflon,

followed. by a short perlod. of statlonary read.lngs and. then a

slf-ght drop to a neur statlonary readlng,

The lncreases ln ttre erythroeyüe counts and- the

haemoglobln read.lngs lnd.leated. that the vlta.nln 812 had. an

lmrnedLate effect, whlch reached" lts peak ln 6 days and. then

d.eclLned. to a lower stablllzed. rate wlÙhin 12 to 14 d-ays"

Tables V and. VI.

The sectLons of the eEperlnnenta.l vlta^mln 812 f lsh

showed. extenslve areas of haematopol-etlc actlvlty" the

exper{mental read.lngs and hlstologlca1 sectlons seem to

lnd.i.oate that ühe rapld. rlse and. sllght d.ecllne to a stablllzed

rabe were d.ue to the LnLtlal strengËh of the vLtamln B1a and.

to the lack of lts components ln the flsh dlet,

Do EFFECTS OF EIPERIwIENTS I, If , and. ITI ON THE

I¡IHITE BLOOD CELL COUNTS OF IHE UINNOI'¡S

Ehe nln¡nows wfrlch had. been accllnatlzecl to Otfferenb

tenperatures but the sa.me condltl-ons of food. and. aeratlon

for a,t least a month, showed. a falrly stable ect¡r.t. Taþle VII"

Sh.ese cor¡nts were sinllar to the cor¡nts of the control flsh
¡^rat !5"Çn referred. to ln Chapter V, ÐLfferentlal Blooil Counüs



TABI,E VTI

T'üHTTE BLOOD CELL COUNTS OF NOIROPTS UNDBE EXPERTMENTA], GO}IDITIO}IS

30

30

30

30

7

14

2L

7

1/+

2L

?

6

14

go

100

150

l.6n50

L6,50

L6,50

j:6,50

f.6.50

L6,50

]:6,50

l.50

150

L50

flsh food

flsh food.

fLsh fooil

flsh food.

Exp, I
flsh fooil

Expo I
ftsh food.

Expo I
flsh fooil

Llven-fed.

llver-fed.

lLver-fed.

NeuürophL].s

Lt/"

I+1"

6%

sfr

6fi

4f"

Itroslnophl.1s Basophll-s Lynphocyües Monooytes

5/"

6/"

6%

6fr

6%

5/"

t+%

5'/"

Lþ%

6%

t+%

?ig" rood

o%

o%

o%

o%

o%

ofr

Fffio rood

5'/'

?+Ên rood

6V"

6t+f,

61J,"/,

65fr

?t%

73í6

65%

74",t

75%

66%

54%

?ofr

6Lt"/,

o7o

7%

Þ7o

o"þ

4%

o%

o%

o%

oft

o%

o%

?'ft

26%

24"/

24%

L7%

28%

zlJ,'Á

Lo%

6F,

s',Å o%

t5f"

Ll+"/"

zLtfr

30%

2Ûft

25%
\¡
tu
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for fhe l{lnnoürc¡s A eontrol range for the vrhlte blood. cel}
count was ¡,ronked. ouÈ fro¡q these 30 d.ay read.lngs. A read.fu¡g

ln thlB range lnd.loated. that the mL::.yrows had. accllmaüLzed.

thenselves to thelr nerrr envlronv¡enË or ad.apted. üo thelr
sËluulusn The control raxge was maile uslng the hlghesb and.

lowest for Ëhe 30 d.ay readlngs" Tab1e VTI"

Neutrophlls t+ * 6%

Eoslnophlls 5 * 6fr

BasophlJ"s Ofr

Lymphocyües 6tv * 67'/,

i'loaooyües zt+ - 26%

ïn Experlment I, wlth sud.d.en temperature lncrease,

the wh1Ëe bJ.oocl counts changed. grad.ually. The lymphocyte

counts lncreased-, the monocyte col¡ats d.ecreased arrd. the oühen

ceLls remataed. ln the control- rarrgee l;r', a" three week pertod

the counts returned. to the control ra¡.ge. llhLs lnd.lcated.

that a tÏ¡ree week perlod. was necessary fon the acellnatlzatlon
of ühe Experlnent I mtnnows, to the tenperature lncrease.

The Lf.ver*fed. mLrrnovng were und.er two stlmull, tempera-

fure and. d.letn fheLr lynphoeyte counts were hf-gher, and-

theLr nonocyte counts Io¡qer tban that of the fLsh Ln

ExperLnent I. Agaln as ln Experlment I ühe counts of these

llver-fed fi.sh reÈr¡rneiL to tbe eontrol range wlthl-n a Ëhree

week perloil,

Thls lnd.lcated. that the response to teoperature ohange
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alone¡ or a comblnatlon of temperaËure a¡ad. llver dlet stlil

requlred. a three week acclLmatlzabLon perlod. before tbe whlte

celt cor,¡¡rts were wlthl-n the contro]- rârrge.

The ulnyrows kepü at a consËant tenperature wlth the

supplenenü d.let of vltanln B* exhlblted. a varLed. whlte blood.

cell coqntn In a two cLay lnterval, the lynphocyËe counüS

d.ropped., the monocyËe aTtd eoslnophll cor¡nts l-ncreased sllghb-

Iy out of the control range, ?d-lthln slx Õa,ysr the lymphocyte

oounts lncreased., the monoeyte eor.¡nts d.ecreaseÖ, the eoslnophll

ancl neutrophll eounts Ì{ere ln the conf,rol ra11geu BY the

fourteenÈh d.ay the whlte rolood. cell counts werîe a]l wlthLn the

contro]- rangeø

The ¡rhi.te blood- oells lncreased. ln response to

experlmental oond.ltlons of temperature ancl d.let. The s}ld-es

showlng the lacreased. lymphocyte count also showe(L the naJorlfy

of the lynphocytes to be snall cells. In ühe control flsh

sl!d.es, ühe maJorfty of the lymphocytes were large mature ce}Is"

The bl-ood. snears of the control f lsh and. experlmental flsh

conslsi:ed. of ; aucleated. erythrocytes, small and. med"Lun sl-zed.

lymphocyües, nonooyües, thrombocytes, coarse and. flne

graaulocytes. Iumature ancl senLl-e erythrocytes were eommonly

Seer3., SI1ðes were charaetertzed. by tkÞ presence of man'y inore

d.lslntegratlng ceJ.Is a.nd. more cellular d.ebri.s thas are usually

seen ln fll¡as of na.mmallan blood.* $ost of thj-s fragmeatary

maherLal appeared. -r,o be derlved. fro¡n the breaklng d.ovn1 of
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erythrocytes and coarse granulocytes. Iso1aüed. cllslntegrat-
lng auclel of erythrocytes, sometlmes arlth part of ühe

cyËoplasm st1ll attached.e were seaütered. wld.oly over tbe pre-
paratlonso Flgure VII to XIV.

fn thls eha.pter¡ orr the responËe of the Notropis to
experj.nental cond.ltlons, the tables and. graphs 1nd.lcaÈe that
the blood. ceJ.ls reacted. to the stlmr¡.Il wlthln a üwenüy-four

hour perlod. and. ad.apted. i;o these stLnuJ.l wlühLn fourteen to

twenfy-one ctays" All tbe blood. cells l.nereaseð 1n responÊe

to the experl.mental stLsull r¡sed,,



CHAPTEE \'1TT

DHE HAE!{ATOPOIEITC OBGA}TS OF T}TE GENUS NOTROPTS

A Eerleg of sectlons anil snears of the lnterna].

orgaJrs a¡rd. tlssues of the genus Nobropls tsere mad.e" lhe

flxatlon, preparatlon ancl Etalnlng are ouËIlned. ln Ghapter

IV, Sethod.s a^nd. Teclu.Lques. I{LcrssoopLc examLnatlon of all
tbe sectlons and. snears sholüed that the spJ.een, kLdneyu

Lntestlneu and. the J.lver coaüalned. haenatopoletlc Èlssue ln
varyÍng amountso The sectf.sns and. smears mad.e of

lnÈestl-n.al mesenteryso the alr blad.d.er, gonad.s ancL the

tlssues arouncL the hearü and. 9111 reglon exhi-b1-ted. no

haenatopoLetlc areas, although mature red and. whlte blood.

ceLls were found.,

The haematopoLetlc orgarcs of Ëhe control and.

experlmental f l-sh were ühe same, only the exterrt of th.e

haematopoLetl-c area varled." The experLmental flsh sectlons

were mad.e at the peak of red. anÖ whLte eell pnod.uotlon"

Befer üo Chapter VIo They exhlblted. large areas of

haemabopolesls ¡shLle ühe conüro} flsh sectl-ons exhlblted

much smailer areas o

Each haematopoleüle organ wlJ.l be cLealü wLüb

LnilLvLd.ually. fhe chaages, lf aw$, l-n the gross anatomy of

the orgaras durlng übe experlmental conillülons, are noüed"

the chl-ef L¡aematorrolebLc sltes ln the mLnnows etere
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the kLdney and. spleen. The lesser slües rrlere the lntesülna.l

nuooga and. sub!ûucosa a¡d. the llvero The presence of

haematopoleülc tlssue ln the kldaey and. spleen may be iLe-

üected. aacroscopleal.l-.v by the lnüense red color of the

organs a

4,. Spleen

The spleen ln ühe oontrol flsh was usually s!ßal} anil

tend.ed. toward- a trlangular sløpe" In the experlmental flsh,
the spleen assumed. a^r. elongate sausage-}lke shape" fhese

spleens r/r¡ere approxlnately twlce the stze of the control

flsh spleenÊ.

The cytologtr" splen.f-c smears of the control fLsh

showed. an abunöance of macrophage oeJ-ls, mature erythrocytes¡

retloulocyteso erythroblasts, ührombocytes, lJrnphocytes of

varlous slzes, retl.cular ce1le and. pulp celIg.
The eplenlc sectlons of the experlmental flsh showed.

an increase ln the erythroblasts, retlculocytes, l-ynphooytes,

ancl thrornbocytes and. a d"ecrease 1n the pulp and. retlcular
celJs 

"

The spJ.enlc capsule wa.s extremely thln" Bhere were

no nuscle celJ's or Ërabeculae observed.. The splenlc pulp

consf-sted. of a spongy cellular retLculun wlth no clear

d.i.st1ncüloa between the red and whlte pulp" Erythrobla.sts

wltfr snall d.ark nuclel were soattered. throughout ühe pu1p.

3¡laüure and d.lsl-ntegratlng erythrocytes and. lynphocyües were
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evlclent. Macrophage cells, wtth 1r'r6*ested blooiL cells âncl

plgnnenü gfanuLes, were scatbered. bhroughout the eectlono

LymphocytopoLesls was evLd.ent ln soattered. areas. M!üotlc

and. amLtotlc flgures l4lere observeil" The retleu]ar ceI1s,

pr¡lp celJ.s and. occaslonal monooytes Rlere noteð"

In the experLmental fLch spleensu tbe complete spLeens

appear to be engorged. wLüh blood. cellso The sectlons showed.

the spleen as one large a;res. of erythrocytopolesls wlth

smaller areas of ]-ynphocytopolesLs lnterspersed. ¡rltb

&acrophage ce}ls, reülcular and. pr¡Ip ee[s" Flgures XVÏ to

JG"

B. Kl-d:aey

The kldneys of the nLnnows are long palred. organ's

whJ.ch are appl|eê to the abcloml-nal cavi-Ëy on elther sJ.d.e

@f the backbone, fhey are mad.e up of two regLons; the

pronephros and. mesonePhros.

The haenatopoLetlo tLssues TÀrere found' l¡r the lnter-
tubular areas of tbe mesonephros. FS.gure )Q$1, lhe eapsuXe

or the head. of the pronephros was malnly an erythrocyte

storage àTeB.; Fígure )OCIII.

Mlcroseop1c exanlnatlon revealed. that the haenatopoletlc

acttvlty was eoncentrated. 1n the renal lntertr¡bular tLssue of,

Èhe mesonephros" A capLllary tretwork sr¡rrou¡rd.s each kldaey

tubule, ühese oaplllarles were recognS-zed. by the eplthellal llntng

eells anil the presence of blood. cells vrlthln themo RetlouLar cells

seem to f orm close meshes rouncl the d.evelopJ.ng blood. oel}s,
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Flgure XVI,o, Sectlon of spleen sboqilng erytFoblests'.'
x 1200.

"Flgure XVI"o" Seetlon of epleen showlng erytf¿ropoletlc

tlEgue."" X 1200'
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Flgrrre XVIIIn.,Se@tlon of the Spleen" l{ete the

hematopoletlø tiseueooa X 1200"

Figu,res NIN. ' oseetlon of the spleen' Note the

snall lymphold. eentero " s )f 1200 
"
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Flgure XX., "Seetlon of the spleen" Note the

erythropoletlø tissue'oo [ 1200.

Flgure NXI*onseetlon of the v111i of the intestine"

ldote the eoelnophil-s"'" X 1200.
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Flgure XXII".o Sectlon of the kld.ney. Note the

d.evelopl,ng erythrocytee... X 1200"

Flgure NXITI"." Sectlon of the pronephros (of the

ktôney ). Note the storage of mature

erythrocyt€6. o u X 1200.
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wlth a trsponge workrr of retlcular cells extend.lng betvreen

the perl-üubular eaplllary nets formlng ühe supportlng frame

of haenatopoåêtle ülssueo The cords and sirruses of mesonephrlc

m.yelolõ. tLssur.e contalned. In¡runerable tra¡.stË1on stages be-

tween lynph.old. hemoblasts and d.eflnttlve ceIls,
The segregatlon of the precurÊor cells of eryührocytes

ancl grazruloeytes w¿s rrob evld-ent, Tlrey all seem to lnter-
nLngle wlth each other qulte e1ose1y. Eryühroblaets and.

hemoblasts were seen ln varlous d.eveloplng stages, Flgures

)OfiV and" )C(V. The bebween stage of erythrocyte d"evelopment,

the pro-eryühroblast car¡not be dlstln$rlslred., only the

erythroblasts and. the netlculocytes were recogplzeÖ. Iviltosls

ürere fnequently seen ln the erythrocytes and. a¡rltosLs 1n the

lymphocytes. It was d.lfflcu1t to d"lstlngulsh blood

lynphocytes and. small lynpho3.d. hemoblasts tn the seotlons and"

smears of the kldney.

In the experlnental flsh, all the above mentloned.

cel1s were for¡nd- ln greater numbersn Anong these, haemoblasts,

lymphocytes, erythrocytese mo rocytes and. occasLonal neutrophlls

were noted ln the shape usually found Ln the clrcuLatlng blood.

The haematopof.et1c area was notably Lncreased. r.¡nd.er al.l of the

experLmental stlmull"

Llveruo

The mulËL-Iobed. Ilver was found. as anoüher slte of
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Fleure XNIV*n ¿S€@tlon of the kld.ney" Note the

erythrøgyteso no X 1200.d.eveloplng

Figure IlXVaonSeetlon of the lntertubular hemato-

poletle tissue of the kld.neyo l{ote

the lynphold heaoblasts, erythrololasts

and. plgment granulêsu.,X 1200.
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blooil oell productJ.onn Nornally e the llver 1n the genus

Notropls ehowed. only üraces of blood cel-l prod.uctlon, but
1n the experlmenüaI flsh, erythrooytopoLesLs and. lymphocyto-

polesls were much more evld.ent" clunps of erythroblasts and-

maturlng erythrocytes were found. amld. the hepatLc slnusold.so

Flgures IOCVI a¡.ct lfi(VII"

Ðn fntestines

Ehe eoslnophLls were f'ound. ln the mucosa a¡d. sub-

mucosa of the f-ntestlne, They d.eveloped. ln the mucosa and.

submuoosa conneotlve tl-ssue and were exÈruded. j.¡'to the b]-ood.

snream or lirËo the Lu¡nen of the lntestlne" Flgure )t(r, page

6l-,

lhe haenatopol-etle systen of the genus Notropls was

found. to be quLte dlstlnct" Ehe four organs d.escrlbed. ln
detall were the sltes of the haenatopoleülc acülvlty, Tabre

vrII,
The sectlons of, the orgarßs of experlmental. fj"sh

enchlblted the same sltes of blood prod.uctlon but wlth more

extenslve areas of haematopoleslsu Nunerous s¡nearg and.

sections mad.e of the lntestlnal nesentery, the al-r blad.d.er,

the ggnad.s .and. the tLssue around. the gl1J- and. heart reglon
showed. no evid.ence of haenatopoLetlc acËlvlÈy.
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Flgure xxvr"o"seatlen of the llver* Note the d.evelop-

lng erythroblastÊo qçX IZO0.

Flgure lil(VIIuoo$Ê@tion of the llver. Nete the

erythroblastsc o c l{ 1A00"





Genus

Notropls

IABT,E VIIT
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ue Blood. CeIl Formatlon

Although i;here are tto a prlorl ground-s for d-enylng that

the blood. stem oells may be of a d.lfferent nature ln flshes

and. ma.nnalsr repreFentlng extremes of the vertebrate scalet

yet the connmonly a,ccepted. vlew tlrat the vertebraües form a

compaet pkrylogenetlc group appears to rend.er such â concepflon

open to oontroversl¡ Catton,z

Dowrey15 t{axlmowrl? Joroan and. speld.e}rl3 *t"leó ano.

ooYoffey'r all ad.opted. a monophyletlc vlew on the orlgln of the

f l-sh blood- celIs. Although they d"ld. not agree on the suþ-

sequenL ltnes of developmorrt, Ëhey d.ld. sha"re the vlew that

the parent cell was a.ttlarge lynphoi-d. henoblastrrr Table IX,

(1) a"nd. (2), The monophyletlc school assunes that there ls
only one type of ste¡n cell; whlch ls lnherently pluripobential.

The subsequent course of iüs d.evelopment 1s d.epend.ent on the

envlronment in which lt arlses. Thls was tlre flrst hypothesls

of blood ceIl formablon,

Iir the second- brypothesis; the large lymphoid. hemoblast,

d.erived by transfornai;lon of retlcular ee}ls, is the sole

precu.rsor of ùhe granulocytesn The small l-ymphold. hemoblast

ls to be d.erlved. from the end.othellal cel]s and. ls the pre-

cursor of the erythrocyËes and. thrombocytes" In thls case

the large cell 1S to be compared. wlth the trprlmltlve whii;e

cellrr of Doan, Curuni-ngham and. Sablnry and- the smal} cell wlth

the nnegaloblasìtrr of the Same authorSo 0rr thls theory the
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TÁ.BT,E IX

PROPOSED SCHE}GS OF TFIE BLOOD CEI,L FOBT'/IATION

(1) Jord.ara and- Spelautl4

Betlculum, celI of retlculo-endothellum
{/

lynnphold. henoblast ( snall lymphocyüe )

snal
hemo

lymphold.
last

med.lun 'lymphoid. large lpaphol-d
henoblast

Igranuloiytes

thromb

hemoþlast
I

eryûhrócytes

ytes
lynphocytes

(2) outhte6

blood
lymphocytes

ß) catior-?

lynnphoc]rtes

Lympholrl hemoblasts

ühronbocytes eryfhroblasts

reülculocytes

erythrocytes

gra:tuloblasts
I

fine | 
"or*uuI

prograirulocyües

flne I coarse
_lgranuJ.ocyEes

Endothelt.al celle
7 t, r--- -'v 

-tts¡nall lymÞhold
- -l I

largb lynpnbro-

cells

hemoblasts

flne coarseerythroþlasts
I
I

reticulgc¡'tes
I

eryührocytes

proEranuloc:ytes
Iflne I coarse
Igranulocytes

he¡noblasüs
.l
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erythroeyte would. have an lrlntravagoularlr orlgln and. the

leukocyte an rextravascular orlgl-n,rf Such a theory ls
l-nc1ud.ed. ln ühe general tern opolyph¡rletLs.rr No evld.enoe,

however, ls avall-able of the d.erl-vatlon of smaU- henoblasts

fron end.othelLal ceIls.
ï:r ühe genus Notropls the reaal lnËertubuJ.ar ülssue

offered. no evLd.ence of formatlve pockets llmlted. to one üype

of ceIl. lhe d.eveloplng eells appeared üo be olosely lnter-
nf.ngled., precursor cells of boüh the erythrocyües and.

granular leukocyblc serles lylag along sld.e eacn oth.er. Snall

a"nd. large lynphof.d. hemoblasts were recognlzeit. The large

J-ynpholcl hemoblasts gave rlse to grarrulocyÈes d.1-rectly" Al-J-

other ceLls ( lnolud.lng LymphooyËes) arose fron tb.e small

J-ymphold. henoblast whlch appeared. lnd.lrectJ-y as the s.üem celL

for erythrocytes, Iymphocytes and thrombocytesu fherefore,

thls snall hennoblast ca¡enot be ho¡oologlzed wlth the hemocyto-

blast of the nonophyletle school" It approaches more closely

the neo-r¡nltarLa¡r h¡rpothesL s "

llhe neo-unltarLan school d.lstlngulshes two t¡rpes of

sten oe1ls, the nyeLoblast ancl ühe precureor cell of the

lymphocyte" Each oe}l und.er normal cond.ltLons has Lts otlm

ll,mLteÖ potenti.al-Lüy of d.evelopmentu the envlronment havLng

no parbloular s1galfi.canceu Table IX (3'l , page 69,

The mod.e of blooil cell fornatlon ln the genus Notropls

approaches the proposed. scheme of CaËtonZ a:nd. follows closely

the neo-r¡nLtarlan hypotheels 
"
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SUI'IIvIÁ.IIT AITD CoNcI,UsroNS

The differentlal blood. cou:lts, the red. blood. cell
counts and. ühe haemoglobln were all d.etermlned.

for the gexlus Notropls at the accllmatlzed.

temperaüure of 15oC.

The reactlons of Ëhe blood to sod.lum cltrateu heparln,
carclum chlorld.e and. thromirln lnd.lcated thaü bhe

blood. clotülng mechanlsmr of the genus Notropis
were slmllar to that of hlgher mammal.s"

The tables and. graphs of Experlment I, (Tables Ie II,
Graphs 1, 2, pages 35 to 38 lncluslve) indlcaËed.

that lncreases in ûhe erythroeyüe counts and. tbe

haemoglobln rsere d.lreotly proportlona] to the

lncrea.ses in teroperature.

The tables and. graphs of Experlment rr, (Tables frr,
fV, Graphs J to 6, pages Il0 Eo 4J Lnclusive)

lndicaüed. a d.lrect response 1n the red. blood. eells
and. the haemoglobln to the temperature lncrease"

The add.itionar stlnulus of a llver d.let lncreased

the erythrocyte countË by "o? ln nl"ll-loïr.s per crf," ñüo

arrcl the haeraoglobLn by LoSiÁ,
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Bhe Erperlûent III vltanln B1A d.let exerted_ lts
greatesü effect ln slx d.ays as l1lustraüed. by

Graphs f and. B, pages 49 ana 50, The concentratlon
of the vl-tamtn 812 and. the Ladr of lüs components

1n ùhe fish dtet accouated. for the inltlar lncreaseo

The sllght d.ecllne to the sbabLllzed read.lng was

oþserved. as the flsh ad.apted to the vltamin B,,
supplement,

The mlnnows of Experlnents I, II and TII reacüeÖ üo

fhelr sblnul-l roLthln a twenty-four hour perlod." The

flnal- stablllzed. readlngs of the erybhrocyte counts

and. haemoglobln were eonsld.erably hLgher than the

control readings ltr all three eqperlmenüso

The urhlte bLood. eell counts lncreased. ln response to
the stlnrull ln Experlment r, rr and. rrr, Table vrr,
page 52"

The whlüe blood. ceLr counts retunred. üo the contnol
range ln al_I three experlnents v¡ithl-n 14 to 2I d.aysu

Table VïI, page J2"

Au The kLd.neys ar:d the spleen r,rrere the nrain

haenatopoletLc centerso Erythrocytopolesls,
lymphocyËopolesls, thrombocytopolesls and. a 1lttte
granulocytopolesls were found. in the haematopoleËic

tlssues of these organs.

6o

,l

8o

o/è
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B. The llver ând the lntestlnaL mucosa and. subfirucosa

were found. to be lesser sltes of haematopoLeslg*

Erythrocytopolesls and. rymphocytopoJ-esls observed.

ln the llver and granulocytopolesls ln the lntestlneo
Ço The sectlons of the experlnnental flsh revealed.

the sarrie sltes of haenatopoletlc tj-ssue" These sltes
were more exüerrslve and more active as a result of
fhe experfmenüal stlmuli, Table VIII , page 6l,

Ehe rnod.e of blood. cell fornatton in tlr.e genus Notropls
approached. the neo-unltarlan hypothesLs, Table rx (il u

page 6p,
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