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;INThUDUCTION'

Anlnal paxas‘tes maf
"pe found anywhere' in = or

" on the .body . of verte- .

prates @ad many inverte-
‘brates.” Tne  collector
should examine not only
the qut -of an apizal, but
‘the whole.body. - Tnhe more
tnorough tae autopsy ~of
the, host,  th2  wore
vweliable  the -data. - ob-
tained: for 'thdat ~ host.
whether the time ‘required
L0 such tnoroughness 1is
Loameasurate “ith the
objectives o the collec-
_tion must be deterained
py the investiqator. - -In
general, it is better - to
collect more 1inroramation’
tham reguiced than  t£oo
+little. . Ay 7

) . The"purnoées "of colLe*tlnq and preaprvxag ‘nlt11
parasites are 1dent1:lcat10n tor aiagnosis and Lrecatment - df

disease, . morpaclogical udluo,- systexitic | Studies;

‘?ooqpoqtaphical -btudieé,‘ aud additions , ‘to' systewatic
collections——of parasites and/or hosts. Improperly . haadkéd
and. presecved .specizeas = will not. pereit. . ac~u:ate
identification or cotrect debvrlptlon. It is - a waste  Of
time to colleut and process such spec1aens. = ',' : |
This guide preqentg some baslc fOENUIde aud techﬂiqués
in_a single, easy-to-use book. Special technlques for --the
various qroups of animal parnSLtES are -insluded.’ Hany oOFf
these methods are available in diverse publlCaLlOD“ (textk,
manuals, and )oucnalsl. but ‘At~ vould .'be ilificulk,
.tire-cousuming, -~ and expensive for . the "stuiedt r
non-specialist to assenble such a refecence’ library. "It i5,
in fact, impossible to acxnonledqe all original sources for
the comnonly used ‘formulae aad -‘technigues contained herexn.
No personal names ate cited eéxcept as sLaniard referencns to

aOlUthﬂa (6.G% ,- Hrlqht'"'ataln). , . . ,;

.The host is an essential item in .collectlng data for
'thp pactasite; tne parasites are equally 1nﬁoctant UlOIOQLcal
“information for auyone- studying the host. Thus ° this .gu;ie
w1ll be a useful reference to collectors of potential . host
who may encounter parasites, as vell as to. specialists 'of
one parasitic gcoup - wishing to .collect other parasites,
graduate students, underqraduate sStudents,” veterinary and
Led1Ca1 1aborator1es, “nd publlC hpalth 1aaocatorles. -

Althouqh at least . one . sathhactory method . for .

collecting . and preserviag each type of apimal parasite _has
Deen présented,. othera acre available.. . The back of ‘each pi,e
P blank 50 tnat users may sake ampotations or additions |[to

S
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Lthell pefsondal copies. A  decdade 4ayo 'we aight mnot have
rncluded  actbods  for  prepacing specimens  for elactron
BLCCOSCOPY,; We canbot now anticipate technologyical advances
of the tuture or information which way liait the wuse of
cartain chemicals,

evisions 0f thils guide are anticilpated. Headers who
wWish to share new or revised techniques which they koow
pProduce superior specimens may send them, toyetner with
permission to ceprint them, to:

The Harold W. Hanter Laboratory
Division of Parasitology

University of Nebraska State Huseun
W=549 Nebraska Hall

University of Nebraskae

Lincoln, Nebraska 68583-0514

S

Collecting 1s not always easy. "Feast or famine® may
apply to nosts or parasites. When hosts or parasites are
plentiful, the parasitologist may work far into the LisheE:
Curtpernore, ne/sae may work the same lonyg hours and pive
nothing to show for it if the hosts are not iafected. £
one attempted to list rules for a collector, they aight 155k
like this:

T. Tne collecror must be aware of and abide Dy reju=-
lations relating to the collections of oaosts and
must secure the reqguired legal permits. Also, it is
Common Gourtesy to obtain permission when entering
private property.

2. The collector must be ready to vork hard ani loac.

4. Horhing must be allowed to intecfere with the
collecting.

#.  Ine Collector must respect the law for prevenrtion of
cruelty to animals.

3. UYpecimens, once collected, wmust be abtenco: to
wnmediaztely  {much hard-earned material 1is ofcen
ruined pecause laboratory procedures are posbtponed
untlil the next day).

b. Tne collector must possess some mechanical skill and
use inJenuity in meeting specific probleas,

Caution: The collector must be careful about wmicrobial

— e h e by

and parasitic infections which are +transmissible fron
Anlm4als to Ban.



CHECKLIST OF MATERIALS NEEDED TO COLLECT PARASITES
A suggested collecting kit)

The field equipment listed belo¥ includes all
necessary tools and solutions one ordinarily needs
collecting and preserving parasites in the field.
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Dissecting microscope or strong hand lens

Dissecting scissors (two sizes, one pointed,
blunt or enterotome)

Forceps (two sizes, fine-pointed tips)

into glass rods)
Petri dishes (several, may be plastic)

aad tall)

Alcohol lanp and matches

Glass slides

Cover ylasses

Pipettes

Brushes (small)

Vials (several sizes) and jars with lids

Paper towels

Ruler (in cm)

Piamond-point pencil

Pen with permanent ink (some India inks are
permanent) or pencil

Paper (white bond or rag for labels in vials:
black for background under collecting dish)

Bags (plastic or paper)

Collecting book
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solutions:

] 70% ethyl alcohol (EtOH)

] Formalin

] AFA (alcohol-formalin-acetic acid)
] Glacial acetic acid

3} Glycerol

] Physiological saline or Lap water

o Ean Lan Vo Fan ¥ oy

the
for
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Dissecting needles (insect pias say be fastened

Beakers (two sizes, one 500m)l oc larger, slender

“not
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The determifjation of the host species 1s essential  in
making parasite collections, If the collector is ot
Eamiliar witn the host taxonomy, the host should be
preserved [or exact determination by speclalists, IThe
reference nuaber (see JTollection data, p. 16} nust

accompany the host specisen.

The animal to ne dissected should be freshly killed.
HBoth internal enzyhes and external agents such as  bacteria
contribucte to the rapid breakdown of cells. FParasites
survive longest in ccold-~blooded hosts and in the cCyst
stages, but many parasites deteriorate guickly amid dead and
uying cells; therefore, exanine only onée host at a tine,

Some parasites (e.g., arthropods) leave the host very
soun after i1ts dedatn, and sope nigrate within tne host.
tegardless of how the hosts are handled, the parasites will
cecognize and react to any change in their envirouhment.

Tf numercous hosts are suddenly avallable and Lt is
impossiple Tor the collector to autopsy them inmediately,
the husis can we treated by one of tue following wmethods:

d. faiptaining hosts alive. Small animals  may be  Kept
alive in aquaria or cayges for davs or esvelh weeks, Tne
length of time will vary according to host specivs, the
apility to provide hosts wlith ap adeguate diet, the cage
or dayuagiue conditions, and the wvirulence of parasite
intfection, ’

Two important things should be remembered:

1. =¢me parasites, especially intestinal helasiotas,
will be eliminated from the host Juring tne early
days, or even hours, of captivity.

4. Uther patasites, especlially ectoparasites, RS )
sultiply and/or transfer frow one anost  indaividual,
oL eYen specles, to anpotner.

If 1t is impossible to keep the hosts alive, then we suggest
the following mathods which will aid in  presercviry the
parfasites and keeping thea in the proper locatliown ounsin  the
anstT,

b. Cpgling. The hosts should be kept as cool as possible
uiatil they can pe autopsied. Cooling slows the iysosons
reactions  which c¢oatinue even 1n the dead auniwal,
fietrlgeratiny or icing is efrective tor saoct periols of
tiwe, perhaps as long as 24 hours. Lf time and  space
veralt, 1t is preferable Lo sSepardate the orjans  into
coltainers of satine and then refrigerate then.
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Heat treatment. Fresh ocgans can be placed in a baaxecr
to vhica boiling water is added. Let ocyans hzat
thorougnly, then transfer to fixative. Most helminths
will relax completely bpefore the fixative reaches then.
Upon recovery later, they will be found in excelleat
condition for subsequent processing.

Cae¢mical pregecvation. dany collectors routinely
preserve specimeans in 10% formalin, This method also
preserves the parasites in situ aand peraits the
collection of parasites trom hosts preserved for long
periods of time, as from museum collections. An
abdoainal incisiom or additional formalin injecteid by
Syringe into the coelomic cavity and GI tract can fix
the parasites even more qguickly. Under these conditions
patasites will contract. It is very difficult to
straigqhten them properly vhen they are collected at .a
later time. A method for straighteniny and siight

flattening is described on p. B80.

dote: The proboscis of aan acanthocephalan, which 1s Oof
taxonomic importance, will often not be extenlded Jduring
chemical presecvation.

Note: The volume of fixative should always be at least
nine times the volume of the tissue to be Dixed. Warm
fixative will penetrate tissue more rapidly tham cold
tixative. IfE the 1liquid discolors, it shoulli be
chanyed, To store tissue for longer periods of tiwme,
aivays use fresh fixative after 48 hours (5% focrmalin.is
sufficient).

Freezing. It is not advisable to freeze the host in
toto, but the faster the freeziny, the bDbettec che
tesult. Under conditions of relatively slow freezing,
the parasite beyins to autolyse before it is frozen. 'It
undergyoes further maceration during the thawingy process.
5mall parasites recovered from frozen hosts should  be
dropped immediately into fixative.

i

The apvove methods are in declining order of preference.
Ayain, the best preparations acrte obtained when 1living
parasites are collected and treated appropriately.
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COLLECTING PABASIFES FROM HOST

Freshly collected, living parasites alvays make more
satisfactory study specimens than those that have undecyone
even. slignt maceration.

Thorough exawination in the proper sequence is
lmportanc to prevent losing some parasites while looking for
others. Tne preferred sequeasce is: (1) blood, (2) gills
(i1f present) and skin, (3) 4internal organs and (4)
gusculatuce.

dote: It is important, when possible, to record tne precise
ite of the infection,

Collecting data. Keep an autopsy record for each host
exapined (see saaples, pp. 16 and 17). Make a record of
tne number and kinds of parasites found in each orgaa;
record also negative findings! Wher parasites are readved,
they should be treated appropriately and placed in a
suitable container together with the host number assigned on
the autopsy record.

Labels for 1mmersion in fixatives, alcohols, and otaer
liquids should pe wvritten with pencil or waterproof ink
(India ink is not recommended, as only certaln kinds are
reliable) on «nite bond (rag) paper, such as good writing
paper (not pad, colored, or lined notebook paper, which may
oreak dowvn and stain the specimens). Place the label into

[ - S S P T I A v md m

tne coutaliner with the preserved speciaens.

Ll W Laal

Note: If lanel has been written with ink, wash it first
under running water before placing with the specimen.

Ao Spears. oA
¢lean ylass slides are essential for satisfactory blood
smears, Even pre-cleaned slides just unpacked should be
cleaned tnorougnly with a detecgent socap and rcinsed in
distilled water or washed 1n a 1:1 mixture of 95% BtOH
and 100% acetone, and thean dried carefully vith a soft,
lint-free cloth.

1« 3loud smeags. Blood should be taken from en animal
immediately after death, before clottimy occurs., If
to0 much’time nas elapsed between the death o the
host and the making of the Dblood smear, too many
erythrocytes settle, ana one will obtain primacily
serum, ,

Hote: It is important to stain the smears within a
few days of taking the sample, especially wien
collacting under humid conditions.

a. Thin gsmears: #ake 2-4 thin blood films for
staining later witn Giemsa or Wright's staind
If possible, take blood from different areas of
the host. The blood may be drawn with a syriage
from a vein or the heart or taxen from an Jpel
S0UrcCe.
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an open source, such as the body cavity, where

there may be coatamination by the contents of

the qut Or other organs and tissues,

To maxe a blood swmear:

b,

l :prmtlar s]‘ida
£y 20— ag
hlnud/ ) umaar slide T f_m_e_n;—_,
of
iy

Place a drop of blood anear oane end of a
clean (“swear™) slide. Touch the end of another

("spreadiog") slide to the center of the first

one and draw it toward the drop of blood. Upon
coutact, the blood will flow along tue edye of

the spreading slide. The two slides should be

held at an angle of 20 to B0° to each other. |
Push the spreading slide over the lenagith of the .
smear SsSlide with an  even, smooth motion,

dragging the blood behind it. The thickness of .

tne swmear may ne centrolied by altering the!

angle between tne slides {e.g., 1increasing the:

angle thins the sSmear).

Air-dry blood smears. They may be stored.
until stained. Hark siides with the collecting.

{(host) numper with a diamond pencil.

Thick spears: Two or- three drops of biood dre
spread on a clean slide over an area of about .
4ca? using a needle, toothpick, or cocner af a
second qlass slide with a recirewlar atier g i

motion, Allow te clot and dry thotoughly., fThey
may be stored until stained later.

Note: Thick films should pot be fixed {i.e., ]

treated with alcohol or killing solation) at
this time.

To stain spears, soak in distilled water
for Ju minutes or until color disappears. ¢ Lf
one end of the slide is elevated (use a glass

rod) , the ruptured red oplood cells ¥ill wash,

away. Leucocytes and parasites are left amore
visipie, The film is then dried again and
stained. Thick filins concentrate parasites, but
they are pore difficult to interpret than thin
Lilws. fpdark slides with collectiny number.
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Note: II thick smears have been stored for long
periods of time, add 1 to 3 drops of qylacial
acetic acid to the distilled water to enpnance
hemnolysisa

T1lsSue SMealS. Protozoan and mesozoan parasiites in
tissues nay be @xposed by cutting through 2 fresh
organ., A tissue smear is sioply wmade by pressing
the cut surrace ol the organ zgainst a slide svveral
times:

ot

tisswa smear

Air-dry tissue smears; tney uway be stored 4and
stained lever. Hark slides with collectinyg nunber.

dtaining plood anl tissue Smgars. MHost histolagists
prefer to use Glezsa (p. 94) or Wright's stain  {(p.
1iet for blood ani tissue smears. -Giemsa stein  is
the best rfor most blood smears, but Eright's 1= an
wady diternative.

Skin parasites. The skin should be carefully inspected.
Letoparasites, fleas in particular, leave the nost  upan
its Jdedtn.

1.

Terrestrial nosts. It is advisable to trawsporr the
avst Lo a tigntly closed plastic or paper bag. 3Sode
workers add a piece of cotton soaked with ether of
cnloroform to the oay With mawmaliac or avianh hostas,
ash out the pag and inspect the washings wilh 4
Jdisseccliay microscope.

A S1mple field me thod for vLtaining
vctopalasites Lnvolves shdaking the host ovel a white
piece vf paper. The dark parasites are consplcuous
anen taey fall onto the white backgyround.

Furry of feathery animals may be scruboed with
a small, Ifine~pristied brush (such as an old tootn
brushky wWhich is  periodically dipped iute sodpy
wvater. Gollect run=-0ff into a contaliner and inspect
with 4 dissecting microscope.

gctoparasites ace ontalumned Ervom large, Lliving
ani@als py directly picking them oxf with fine
forceps, tarxing a deep scrapipnyg with ¢ stilpel
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dipped into glycerol, or cutting the haic !or
feathers from the infected area. Inspect under a
microscope.

Skin, scabs, or lesions may be scraped with a
scalpel and the scrapings smeared on a glass slide
for examination. It helps to put a drop of water or
glycerol on the scrapiags and add a cover glass.

dote: llandle arthropods carefully, since rough
Lteatnent may iamage delicate leys and setde.
Fine-tipped brushes moistened in alconol are
excellent tools for picking up the parasites.

2. Aguatic hosts. iost aquatic hosts harbor parasites
ranging from protozoans (belovw and p. 32) to
nonQgyenz2ans (ps 37}, leeches (p. 57}, copepods and
isopods (p. 59), and glochidia (p. 62). :

]

J. Cysts on fin) the skin of aguatic bhosts wusually
contain protozoans or lacval trematodes, To recover
specimens, the cyst may be teased aparct of: ;
a. Helminth cgystes Excyst the larcvae by Lhe

chemical method described for larval trematodes
{(p. 44%) or under Artificial digestion technique
(p. 78).

b. Protozoan cyste. HJake a tissue sguasn by
pressing a cover glass or second slide onto- the
cyst to break it. Let the preparation dry, and
stain with Giemsa (see p. 98) 1like tissue
Smedl‘sq :

c. Othervise, excise the tissue with the cyst jin
situ and fix in 10% formalin for embedding and
sectioning (see p. 88) or is )% glulevaldehyde
tor TEM studies (see p. 86).

Houth and aasal papasites. The oral cavity can nore
easily be exposed by cutting through the cornecrs of the
mouth with heavy scissors ocr bone cutters. Some
parasites inhabit the buccal cavity, but be aware that
others may migrate to that area upon the death of the
host. §&hen some marine fishas are brought up %o the
surface an a catch, the stomach is everted, pushing the
contents into the buccal cavity.

The nasal cavity caan be flushed by holding the head
pointed downwdard over a ssall dish and cunning a fine
strear ol water froe a large-buibed pipette thrcuygh it.

If present, excise qills and examine for parasites
{see iHomogeneans, p. 37; Copepods and Isopods, p, 53).

Internal pagasites. In sealler animals, cut through the
body wall of the host along the ventral side amd extend
the incision backvard “through the pubic symphysis,
around the anus and around the wurogenital opeaing if
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present. anteriorly, extend the cut to a point between
the mandibles, cuttiag througk the ribs and sternum if

necessary.

e

-

In larqer animals (manrals), it is easier to wmake
Lthe wncislion more laterally (see tigure above). Lay the
animal on its side, Lift up the legs, and cut the skin
medially, connecting the cuts between Ffront and hingd
legs., Extend to pharyax. Turn the animal on the other
side and do the same. Lift up skin in pharyngeal region
and pull posteriorly, cutting the stecnum and diaphragm.

Expose the viscera fully., Look for parasites that
may pe free in the body cavity, in the mesenteries or in
the peritoneal cavity. Examine the surface of ovgans
for cysts.

Remove viscera and place organs in  imdisidual
containers vwith saline. Separating the organs leaves no
question as  to the original site of infection.
Containers should be kept cool or shaded when working in
the fleld, Ir a game animal is shot in the field, its
internal oryans should be stored in saline as soon after
deatn as feasiple {or choose other preservation
techniqgues). Such jars of entrails aust be kept cold if
tne paraesites are to survive a day or more.

Organs should be torn opem or cut apart with sharp
5Cr830rs8. Thiy will allow exposure of parasites and
will cause the least damage to specimens present.
Frequently, attached parasites will free themselves Lf
orgens are allosed to stand in water for as lorg as ab
hour.
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Separate stomach, cut it longitudinally, and shake
the conteats into saline solution (p- 130} or water:
(for marine animals use 1/3 sea water and 2/3 fresh
water). Scrape inner lining of stomach deeply with
scalpel. Proceed with the other parts of the digestive
tract in similar fashion. '

The intestine should be freed from the npesentery,
straightened out, and opened vwith blunt SCiss0rs:
(preferably an enterotome}. If the intestine is vercy
long, it may be cut dinto convenient sections (if.
necessary, measure and keep in order to record location:
of parasites). Definitely separate the diverticular.
ceca When present. |

A good wvay to empty and scrape the intestine is to:
grasp one end of the intestine, which 1is in a large’
container, with a pair of forceps and to scrape off the:
inner lining with a scalpel as it is drawn from the,
container. Large intestinal parasites will be seen,
immediately. - ;

with saline, One easy vway is to place the contents into
a tall, slender, screv-cap container andi shake
vigorously for 15 seconds. Let the jar stand for 3 to
10 minutes to allow sedimentation of parasites. This
process also helps to remove mucus, fecal matter, and:
bits of tissue which frequently obscure small parasites.:

Decant the turbid fluid. Several washings wmay be:
necessary if much mucus is present., The sediment should:
be diluted for examination i1f it is so0 dense as to cover
any parasites that might be present. Exanine sediment:
aunder dissecting microscope over a black backgrounag. :

If they are avallable, a series of graduated sieves
will speed the egxaminat:.on of the sediment, parasites .
are easily recoqnized br their movements, size, shape,!
aad colar. f

—_—— e — e

Dense ordans such as liver should be torn apart and}
minced in saline, Examine suspension as above, :

Remove parasites from the host to c¢lean saline, and;
wash then, Use a soft brush to gently remove all,
adhering mucus aand debris that cannot be removed by
shaking. i

Hote: Fixative will congeal nmucus and make its resoval :
more difficult. :
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Some authors recommnend pouring boiling water over
organs isolated in small beaxers and allowing to stand.
Minimum times for heat to penetrate intestines and yive

satisfactory results are 10 seconds for small
aspnibrans, 30 seconds for small birds and fish, and up
to 2 minutes for laryer animals. A nuunber of

preparations can pe handled at one time 1n this way-
Atter this treatment, organs are placed into separate
containers of AFA for fixation and storaye antil
examination. Worms fixed by this method remair in their
microhabitats, but detached from the host tissue. When
the heat-treated and fixed organs are teased apart in
dishes of E2t0OH (30 to S0%), well-relaxed and fixed worams
are released.

Note: Whnen making microscopic examinations aboard a
shlp, reduce the amount of ligquid to an absolute
piniwun. Transfer the organs to separate dishes,
pipette a faw drops of saline solution or water over the
surtace, and cover with wet paper towels until time for
@xamination. Cut organs and lacger blood vessels
iongirtudinally, add some drops of saline to the contents
of thne lumen, and exawlne wlth a dissectiasay microscope.
Living neluinths are quickly located by their moverents
anu transterred to slides tor fixation, Sediments fron
scrapings may be examined in small quantities with no or
only a little additional 1ligquid or fixed ror later
examination.

Internally encysted pacasites. Follow instructions in

SRR E N e = —

Note: After gut of small verteuvrate has been scraped,
view it villi down with dissecting microscope. stroke
SUCL aCe wWith scalpel, Small cysts and larvae in  wall
can be seen as scalpel passes over then.

TumoLs. E£xclse the abnormality walch may occur . in any
tissue and £ix in 104 formalin for light microscopy or
in 3» gluteraldenyde for TE#., Ir tn=2 tumor is larye,
pake a crosscut penetrating about halfway tO perg.t
putter penetration or fixatave.

Keepiny pacasites alive. It is often desirapnle to kezp
parasites alive. Von Brand (1952. Chemical Physioloyy

of Endoparasitic Apimals. Academic Press Inc., Ha2¥

—— s Bt = — —_——e=e===

York) and Taylor and Baker (1463. The cultivation of

parasites In Vitro. Bplackwell Scientific Publicatious,

Oxford) have punlished some methods and survival times
for in vitro studies.
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f living nenatode larvae

1. Assemble apparatus (Baermann) as shown in Eigure

below, A funnel 15 to 25c¢m in diameter 1is usually
satisfactory. :

2. Pour. lukewara vater ‘
(about 450¢) aimto the -
funnel until the water
surface touches the
bottom of the ¥ire
screen basket.

3. Place two layers of

gauze on the wire
screen basket A e
prevent riltering
partaicles of sgil

debris fromn falling
into centrifuge tune.

4. Place fecal or soil
sample (well broken
up) on gauze and cover
with a piece of filter
paper.

RUBEER
TUBING

5. Let stand for 1 hour.
The larvae will
migrate to the warmer
water and settle at
the botton of the
funnel. A pilece of
ice placed on top of
the filter paper
nasteas the migration
of toe larvae. The
sa@ple may pe alloved
to stand overnight.

PINCH

1" CENTRIFUGE
I_TUBE

I RING
5TAMD

A R RS

6. Collect the larvae oy
opening tne rubber
tube clanmp

7. Centrifuge for 5 min.

and remove supernatant [,yyjégahoq45407;G?T/q54¢¢N
£luid with pipettea -

SRR

8. Examine sediment on a glass slide under a microbcope
with reduced light. '



-8 -
PRESERVING PARAS IV E SP2ECLHENS

In order to preserve animal tissue, ole needs to f[ix
it, that is, to alter the tissue constituents in a way which
renders them no loanger susceptible to autolysis or decay
through microbial action.

Trhe parasitologist balances yuality, time, angd
conditions (in field camp, at sea, etc.) in choosing methods
of kiliing and f£ixing. Often it is a question of when the
time w#ill be spent on the sSpecicens.

4. Belaxing, killing, and £ixing. Improper killing and
fixation of helmianth parasites frequently render thewm
practically useless for identification purposes. Horms
have a tendency to¢ coatract, curl up, or otherwise

pecome distorted prior to death.

Ir at all possible, one wants to kill the parasites
in the most relaxed form and also to fix them at the
same time. Tne secret li2s 1ia proper relaxation and
fixation so taat they are presecrved ia as life-like a
posture «s possible.

Heating aad freezing are physical ways to relax
spec.mens, but chemical methods are sometimes preferred
for certaln heluinth groups.

Several methods of killing parasites may be used.
A good killianyg and fixiny agent penetrates rapidly and
stops metabolic acrivities, Host agents penetrate
FLaster when warm.

Fixation should make as permanent and as true a
picture of the organism as possible. It is perhaps tue
most critical step in the preparation of helminths for
study and identification. Fixatilon calls for experience
and judgment on the part of the worker because decisions
are made on an individual basis,

Bepeaber: The fixative used will affect the staiuning
and differentiation of the stain in the final
pLeparation of the specioen. In general, fixatives
which contain acids will allow for better staiaing
later. We have found in our work that AFA (p. 119) is
a qood all-arouad fixative, useful for all helminth
preparations. The properties of the solutions contained
in Arh are vell balanced to compensate for sarinkage oc
expanslion of the tissue. For T.E.H. studies, see p.

‘86,
Specigens nay sometiuwmes be stored in fixative, but
it is advisable to wash them in 70% EtOH aftec % to 48

hours tixation, and then to store them in rfresh 70%
BtOH.

Hore details about f£ixing agents are -given undecx

{cont. p. 16)
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specific neadings of parasites (p. 31 ff.). Formulae
for fixatives are givea on p. 117 tf.

Note: Should no fixative or preservative be available,
most parasites cau be killed and fixed in any local
brew, such as schnapps, vodka, gin, rcum, oOr whiskey.
2ven methylated spirit may be used to preserve a
suddenly availaple specimen. Transfer parasites 1nco
70% EtOH a3 soon 4s the latter is available after
carerully pouring out the spirit.

Collection data. No specimen has much scientific value
if the collection data do not accompany it. An
infalliple method is to put the information on a label
in tue vial together wWith the specinen.

Labels for immersion in fixatives, ad4alcohols, and
otner liguids snould be written with soft pencil or
waterproof ink (not India ink) on wvhite bond (ray)
paper.

: If tne lapei 1S written with 1nk, the excess 1ink
1ld be rinsed off before immersion in the ligquid.

S

['NB 62 ()

It tnlis metnod is not feasible, an identifying
number should pe kept in the vial with the specimen and
full records entered into a collecting pook or <card
rile. ‘

Collecting records, either card file or collecting
notenook witn autopsy records {examples yiven pelow),

o, Host: o 2
AB-62 57 CANADENSLS

Common name: BeavEn Sex: O"s:xg: 78em
Locallty: Bﬁﬂvfﬂ LARE g lpl’ONfER:i PHRK Liycocry INEZR., Date: f“‘z‘ 76

Coce &G. KRUSE

Parasile: STiCHORE 4215 SCBTRIQUETRUS lf‘-‘fu&-__ 815}
Type: Pigenes  (135+) _
Loecalion: SPAae  INTESTINGE
Number: /357 Condition: __ ALIFE

Killed or preserved In: AR —» rox Lrow
lentified by: G, O« KAusE (22-IX ~7%)

Remarks: Pr Seiprs DEPOSITED N Haroyp W Manréx LAR.,

Coee. o, 2/30F%

HEG GEIN 00000 2000 T-8aiT)
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should include the identification of +tne host, the
locality £from wuwhich the host was collected ({town,

township, state, river, lake, or geographical
coordinates and depth of trawl when collecting at isea)
the number of parasites (cecogrd alsoc negative

findings!), their location within the host, and the
date. If the collection is made for another party, the
collector should be identified in the data.

AUTOPSY RECORD

i
1
i
|
I
|
i
i
|

HOST: HOST Mo
Sc¢lentlfic name: Date collactead .
Common namae: Collectar ;

Sixe, age, ofe: Exeet locality

Sax

Health: Autopsy by
Mothod of collestion: Gate of avtepsy —
Remerks
"o barasite lotwtion tn host [number tound|paresite numbar remarks
//__,«-—H—-_.\ . S w“_“““-—‘._.__lﬂ"'"—"]
““-n.,___.,// SR

Packing specimens for ggggggggg The safe transport and
shipment of glass vials is sometimes a probles. Plastic
ammunition boxes available at sporting goods stores are
made in at least two sizes; one is ideal for half-dranm
vials, and the other accommodates three-dram vials.
Each vial fits snugly in a plastic cell and needs no
further packing as long as the boxes are handled with
noderate care,

Another method is to place many small vials upright
in a lazqer jar filled with the same preservative as
used in the vials. Each vial has a plastic cap or plug
{lo not use cotton, because specimens may become
entanqgled in fibers and lost), and layers of cotton
should be placed in the bottom of the jar and on top of
the tubes to hold them firmly in place. ,

Specimens are less likely to be damaged by shaking
during transport if the vials are completely filled ‘with
fluid. As a precaution against evapoeration, especially
in hot climates, wax paper or Parafilm (American | Can
Company) may be stretched over the nmouth of the vial
before the cap is screwed in place. Parafilm is egually
effective in sealing the large jar if the second nethod
0f packing is used. ]

3
|
i
|
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Plastic electrical tape should be Wrapped around
each lid and upper part of jar to prevent the 1lid from
unscreving during transport.

Storage of specimens in liguid. Hany amuseums store
"liguid specimens®™ in vials wnich are placed upszide down
into a larger container filled Wwith t he Sape
preservative. Thus, if the breservative evaporates, the

fluid in the vials will be the Llast to qo.

(I

; parafilm
cetion

70% E+OH

cofion

The use of Parafilm beneath the caps of vials or
jars and reqular monitoring are the best neans of
Keeping the specimens froa drying out. Another vay to
avold evaporatiaon is to dip the Capped eend of vials into
melted paraffin vax.

Caution: Extreme variation in temperatures may cause

the paraffin to form "blisters" due to the expansion of
alr inside the vials.

An added safety measure is the use of 5% glycernl
ia  70% Ec0OH  for long tera preservation. Before
specimens are moved througynh the alcohol series to be
stained, they should be washed several times with fresh
70% EtOH to free thenm of ary glycerol,. )
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small round of fine nylon mesh to a shurt section of
plastic tubing (touch to a not plate} are excellent
for transferring specimeps tarough alcohols and
stain. Do not transter specimens into the clearing
adJent 1n the pasket,

. be sure to have the walls of the baskets taller
than the depth of the fluid: otherwise, .specimens
float over tne top. This precaution 1is especially
important wnen parasites with different collecting
lumbers are being processed together. Keep the
label witn collecting nunmber together with parasites
in the basket.

fixative
707 wicohol
st(;in

'767. 5 ///V L seiriming -
&

stain
=

hamatoxylin

{difterentiation) destalning)

The specimens are
carried throuyh the series
in  small Dpaskets. Touch

baskets to paper toweling
petveen alconols, but do
not allow specimens to dry,
If space and eyuipment are =0 S hlass
availtable, set up a series
of dishes so that specinens

(= votipipAyop)

are transcterred in a4 con- Ffzoo%?"
tinuous forward direction. VA g
This arrangement permits ¥

efricient processing of P ? ¥
lLarge numpers of specimens. (ZFmmmyy  f(Cxylene

Caution: Chnange solutions

at the beginning or each {mounting) <.— &mﬂ“"m
pericd of intermittent use.

2. Staining may be either PEoyressive (stained until
the desired intensity is reached) or  regressive
{(overstained and aftervards destained orT

differentiated until the desired intensity is
reacned). Mayer's nematoxylin is a good qeneral
staln but tends to fade with years if the aounting
wediun L3 acidic. Alternatives are listed under
STATNS AND STAINING METHUDS {Pw 93).

Specimens cthat have been fixed and stored in

e:
Ralin nave to be wasned in tap water overnight.

L
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After vashing, traasfer the specimens to glacial
acetic acad for 15 minutes. The acid Femoves some
cytoplasmic elements, making the parasites nore
receptive to stain. Wash specimens again for 1
pour. Transfer then throuyh the alcohol series
depending on the stain used.

aiaining ppocedure for Mayer's hematoxylin.
The time the specimen spends in  eac solution
depends on its size and thickness.

Storage (70% EtOH)

TOh BEOH sucmevcenenamoonmenaeanan 15 to 30 nin.
50% stOH L R I T TS to 30 mi[l.
35% ELOH weweononacccamenanmennn.n 15 to 30 win.
Distilled WALBL suveeosnoonsemann 15 to 30 min.
Stain (diluted to 1,5 strength) .. 30 min,
After specimens are stained {over-

stained) , trapsfer them to

tap water for differen-

EIATADR,: warewspns v s 5 min.

DIStilled Water .eaeeeuecwcaescases. 5 min.
354 ELOH 4ivaemvunacoamanasnsnene 15 to 30 nin.
S e ———————————————— e - e min.,
704 EtOH T T 15 to 30 nmin.
Destain (see below)
Hash 1 70% BEOH cececaawonissinoea 15 min.
HOA BLOIE 5 5 sieim w5805 ememumesmaan: 15 L6 30 min.
95% EtoH LR R I I T R, 15 to 30 mj.n.
100% Etoﬁ e R R I R R B ‘!5 tO 30 ﬂ!i_n..
100% BLOH cevucienmavecmasnmnceas 15 to 30 min.
Xylene (clearing see below) ..... 10 to 15 mnin.
Houating specimen (see below)

Bestain if necessary in acid alcohol {p- 119) while
obsecrving specimens with a dissecting gicroscope. A
compound microscope may be used for very sapall
specimens. The cortical layer should be free of
staln, but enough stain should remain to color Lhe
internal organs. It is oftem better to destain
sligntly more than the exact shade desired because
there is a tendency for specimens to darken slighely
during the clearing process. If ¢the acid alcohol
becoses quite pink before the specimen is the
desired color, it should be changed.

The destaining process will often turn tne
specimen red. Stop destainiag by washing well in
70% £toH. The blue color of the hematoxylin stains
can be restored by transferring the parasites to a
dish with alkaline alcohol (p. 120) for a few
minutes.

Benydration is the process of replacing the water
vith an anhydrous solution, such as absolute
alconol. The usual steps of 35, 50, 70, 85, 95%,
and absolute alcohol are generally used in
dehydration, allowing about 30 minutes {or nmore  if
necessary) in each grade. {Replacing the alccghol
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yith water, the reverse of dehydration, is knosni as
hydration.) |

|
Note: Keep dishes covered to prevent contamination
by dust, evaporation of solutions, and absorptxon of
molsture from the atmosphere. .

5. <Clearing. After all traces of water have been
removed from the specimen, it is next transferred to
a clearing agent of choice, f
The c¢learing ageat renders the paragite
transpacrent and 1s miscible with the mounting
medium. Despite advantages of different «clearing
agents {see discussion on p. 121}, xyleme 1s the
most widely used in laboratories, and its wuse is
therefore described here. '

Transfer specimens with a fine brush fron
absolute (100%) EtOH to xylene. Leave in clearing
solution only umtil specimen 1s +traasparent (not
more than 1 hour)a. Delicate objects may be
transferred first to a mixture of 1/2 absolute
alcohol and 1/2 xylene.

Note: Always use fresh xylene vwhich has not
collected molsture. Test old xylene with litaus
paper before use. If it is acid, shake it #ith a
little povdered CaC0, and filter.

Mounting. Specimens are mounted in a solutioca of some
resin which hardens as the solvent evaporates. There
are a anumber of synthetic wsounting media, but they
should not pe used for archival material, <Canada balsan
remains a proven resin which responds very little to
chanying enviroamental factors (humidity, temperature,
etc.). It is neutral (pH 7 when two or three sodiun
bicarbonate tablets or marble chips are kept in ‘the
container. A drop or tvwo of «cedarwood oil in ‘the
coptainer also improves thne guality of the mount. |

1. Eguipment to have on hand when preparing to mount
specimens: i

Small halr brush to move specimens from cleariag
agent onto slide {cut out extra bristles i to
make brush of 4-10 hairs depending upon size
of specimens to be moved) i

Glass slides (pre-cleaned) j

Cover glasses {no. 1), various sizes ;
{smaller cover glasses <¢an be made | by
cutting reqular sized ones with a diamond
pencil) %

Forceps wWith angled tip

Container with mounting medium thinned enough to
spread easily and glass rod for applying
medium

Plamond pencil to mark slides

Hicroscope
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Prepate a white 3 x 5 card by drawing around a
slide and joiniag opposite corners. The lines will
intersect at the center of the slide, amd that point
can be used as a guide for centering specimens on
the slide.

3x5

curd__z___" _— center of slide

L~1=""T lapproximate

/ place where

specimen shouid
be mounted)

drawn ling around glass slide

To mount specimens. Care must be exercised to place
the specimen properly on the slide, to select a
cover glass ob proper size, to dadd the proper dmount
of mountant, to prevent the cover glass from tilting
to one side, and to prevent the inclusion of air
bubbles in the mouat.

a. Place a drop of balsam at the center of the
slide.

b. Lift the cleared specimen fros the clearing
agent with a fine brush and position it in the
balsam {(i.e., cover specimen Wwith balsam)
apterior end down (it will then appear right
side up when viewed wikh a counpound microscope).
Add more wmounting mediuw if necessary. Do not
eipose the specimen to the air.

balsam

{ 2, J eﬁ-
stido specimen e
in balsam
. Pt ,
dissecting needle ; b,
o= Feover glass
1 1 c.

ol [

Ca If aecessary, inspect with microscope to assure
a veatral mount (i.e., ventral side up).

.7 -
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Large or thick specimens may need snmall
pieces of cover glass, slide, nylon stcing, or
glass rods (like capillary tubes which have been
drawvn out over a flame and sorted by thickness)
on either side to balabnce the cover glass.

Some vworkers recommend sheet plastic which
can be cut with scissors in different
thicknesses., Also pleces of cardboard which,
though opaque, do work and also have the
advantage of coming ip different thicknesses,.
Use plenty of balsam so that there is an excess.
When the preparation dries, this will , be
partially withdravn.

|
|

cc:pillury tuba
e for support D number
H\Ka—-n—mn-u . _ cut with

s diamand
(A ———

iy
£

\’) poncll J
.'r .6.

\ex:ass maounting

r/" madiuym

1
,./

cover gluu

-
“taver glass plecas j
far support ;

Add cover ylass. Hold cover glass with forceps,
touch mounting medium at one side, and carefully
lower it over specinean. It often helps  the
spreading of the medium to dip the c¢over glass
into clearing agent or xylene before applying it
to tne preparation. If needed, additional
medium can be added from the side, J

Une should try to use the smallest %over
glass that will adeguately cover the specimena
Not only does this result in a more attractive
mount, but it also means a saving of nwountant,
which has become quite expensive, ;
(1) Air i1p specimens- If dull black spots! are

fouad in the freshly mounted specimen, | the
crearing solution has partly evaporated | out
of the parasite before the cover glass | vas
in place. Return such iandividuals to : the
clearing agent, dissolve all mounting pedium
to allow the air to leave the specimens, and
then remount. !
I
Frequently, the thinner sedium
{(clearing agent) is not replaced by : the
thicker (mounting) @medium, and a vakcuusm

results. The remedy which suggests itbelf"'&

is the use of thinper balsam. This works
well with smaller specimens, but  thick
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material does not mount well in thia balsamn.
For these specimens we suggest clearing in
creospte,

Air in specimens may also result fron
acetic acid 1a fixative or acid alcohol in
differentiation reacting with calcareous
corpuscles releasing co,, This happens
trequently in metacercdriae, marine digenes
and cestodes.

In case both wethods suggested above
fail, place the material to be mounted ian
very thin balsam in a dish covered vwith lens
paper. Place the container in a wara place
{45 to 500C) and allow gradual evaporation
to thicken the balsam. Specimens may then
be mounted in balsam of the sane density.

{<) Hater im specimens. If the specimens appear
duil, almost @milky, water is presesnt.
Remove all mounting mediumr in clearing
agent, and return parasite to absolute EtOH,
preferably a fresh solution. Leave for one
hour or more before clearing again ang

repounting.

e. Add identifying number or letters to slide with
diamond pencil. <

f. Harden preparation at roos temperatuce, in a
drying oven, or on a slide warmer not waraser
than 50°C. Keep slides in level position until
nardened to avoid & shift of specimen or cover
glass.

& paper-clip spring (see p. 4#43) is useful
Whenever there is need to hold a cover glavs in
place as the medium hardens. Little weights
(Like bullets, not the cartriges) are useful to
hold down the cover glass until the balsan is
dry enough for the slide to be handled.

4. wWhen dry, remove excess nmedium with a razor
Dlade,

If air bubbles become trapped in the medium of a
ftreshly prepared slide, they will move to the maryin
when tne slide is placed in a drying oven,

If tne medium shrinks or was insufficient to fill
the space under the cover glass, additional medium can
be added rrom tre side; it will spread by capillary
action.,

Hote: Whole mounts do not develop their - maximua
Lranspareacy until several months after preparation
because of the time required for the mountant to diffuse
evenly througn the specimen and to harden to a&n
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increased refractive index with greater clarity.

Labeling. One or two slide labels say be used as space
permits. The information on them should be printed in
India ink. If two labels are used, the left! one
contains parasite and locality data: the right ' one

cont ains host ddata.

Caution: Always place the label on the same side of the

————— I Sy

slide as the cover glass.

'
Sricyartria En: LAsTOR
JuBTRIOUETRVS CALATC IS

(Rup., 1019 ) = TN E
Cota: G WeutE

Traves Lok
P C AW KAwsL

Lindcpen, YE

N} B2 -13 | T #

Lare of preparations. Store preparations in a level
horizontal position in slide boxes (to prevent drifting
of the specimen) away from light and heat.

Packinrg and mailing of specimens. If specimens are to
be sent to otaner laboratories or to museums for deposit,
it 1is essential that they be well packed., Good
packaging protects not only the specimen in traasit " but

also the personnel handling it ia case of breakage,

A safe packaging procedure which complies with ftne
Universal Postal Union Rules is as follows:

I
1. Specimens in liguid. !

4. Bnclose specimens in a bottle or tube which 'can
be well sealed (Parafilm or wax). ;

b. Place glass container in suitable @material .for
insulation and absorption. i

C. Pack in cardboard container and ¥rap for
shipment. (1£ several tubes are packed
together, they must be individually wrapped ! in
soft paper or cloth to provide adeqyate
cushioning hetween then.) oo

d. Leakage frequently occurs, pacticularly  when
outside pressure decreases during air transpdrt-

Therefore, it must be ascertained that air- land |

fluid~tight closures are used.

2« Hounted specimens.

8. Place slides with mounted specimens in slide
pailer, slide holder, or slide box (depending on
the number of slides sent), Yrap each slide
individually to prevent it from shaking
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(vibrating) within the box holder and to contain
slide pieces should breakage occur.
n. Follow steps b and ¢ above for packaying.

Nute: ‘Haxe sure that mounting medium has hardened
enough bpefore mailing slides.

Deposition of type and voucher specimens. It is
desirable that as much as possible of the following
information snould accompany the specimens deposited in

any collection.

Harold W. Manter Laboratory Collection No. .. ... .. ...
Divislon gt Parasitology
Universily of MNebraska Siate Musoum Storage No. ... ... ...
PRATASIID. oot s o in s e h o s oo N S0 05 W00 B oA VoA #30ma s i v b2 1 L SR 5 O KPR
HOBU i ouumssimayamsisss
Body lacatlon ... ... ...
Logallly: ..ocnianennpaaaig T T dsvitan
Collectad DY .oooooivi i e DATE
Identifiad: BY <. i, bt istiinaisistonnates DBHY dyomemnsinigeinmmasss
[ [ U1 T 11T —— pevivess sy NY PO GOSIGOBMNON v avmmnainmsny o
ROMATKS oo s s nis s e e
1. Holotype specimens should be ueposited immediately

in a national depository. For the United States,
this is tne U.S. HNatiowal Huseum Helminthological
Collection, «hich 1s housed at the Beltsville
Agricultural Research Center. Pack vials =and/or
slides carefully and send to:

Animal Parasitology Institute
B.A.R.C. East, Building 1180
peltsville, Maryland 20705
U.S. 4.

Z. Paratype and voucher specimens cited in  primary
literature should be deposited in a public
corlection either immediately or at some future time

by prior arrangement. It sufficient material is
avallaple, specimens should be placed in establisned
collections on different continents. Specimens

should remain where they will be loaned, used, angd
cared for properly.

Our museum welcomes paratype and voucher
specimens for deposit or entire collections which
are in jeopdrdy. Send specimens or write to:

The Harold W. Hdanter Laboratory
Division of Parasitology

W—529 Nebraska Hall

University of Nebraska State Huseun
Lincoln, Nebraska 638588-05 14

U. 5. AL
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NICROSCOPRPIC EXANIRATIOHN
The microscope is an essential tool for
parasitologists. It is not only needed to £find sonme
parasites, but 1t is alsce used durinyg the histological
preparation of specimens anpnd, finally, for morphological
studies. '
A. Hicroscope (compound) ‘
A qood, clean, properly aligned microscope should be
available in the laboratory. The instrument should be
equi pped with at least three objectives: low power--10X%
(16mm} ; high dry——44x (4mm); and oil immersion—-97X
{(1.8mm); or another sisilar series of magnifications. i

. Callbration of ocular micrometer i
To measure an organism accurately, a calibrated ocular
micrometer is required. The uaits on the micrometer ate
arbitracy; the value of the divisions varies fron lens
to lens and must therefore be calculated for each
combination of lenses. This is done by comparing the
ocular wmicromeler units with a scale of known

dimensions. :

1. Place the stage micrometer (slide with calibrated
scale of O.7mm and 0.01mm divisions) on the stage
and focus on some part of the scale,

2. Replace reqular ocular vith the one that contains
the ocular micrometer, :

3. Look through the scope and adjust the staqe
pmicrometer until the 0O-iine on the ocular micrometer
1s exactly superimposed upon the O~line of the stage
micrometer (see figure bhelow).

Example of a Calibration

stage micrometer

0.1\\ 0.2 03 04
TR T A WP TR R T T A
| |

i 3 | k

T I T T I t 1 ¥ T I 7 !

§ 1 1 [ d} ;
/ '1{; 20 ff

ocular micrometeor : i
22 ocular units = G.44 mm, I
i
i

1 cculor unit =0.02 mm

or 20 microns

4. Hithout moving the stage micropeter, find a second
set of lines which are also superimposed (the longer
the distance hetween superimposed lines, the
better). :

5. Bach of the large divisions of the stage wmicrometer
equals 0.lam. Determine the total distance (in an)
between the two points of superimposition on the

E

i
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stage micrometer, and then determine the number of
small units necessary to cover the same distance on
the ocular micrometer.

Example: 22 ocular units = 44 stage units (=0.44nnm)
1 ocular unit = .44nm/22 = 0.02um or 20um

fepeat for each objective.

Note: Tne calibration refers to a specific ocular
wmicrometer and a specific objective (usually, this
means a specific aicroscope). Many hours of
calculations will be saved if the ocular aicrometer
is assiqgned to the microscope and kept with it.

Note: The preparation of a permanent chart for each
objective showing values of 1 through 100 ocular
units, also 200, 300, 400, and 500 units, permits a
yuick conversion from ocular units to micrormeters.

Specimens, organs, and structures are wmeasured by
aligning the ocular micrometer along the axis of the
object, counting the divisions in the ocular
micrometer, and multiplying by the calculated factor
for tne objective (20 in the above example) or
referring to the chart,

10 x 1 unit = 20m
. 20 26. 520 51. 1020 76. 1520
2. 40 27. 540 52, 1040 77. 1540
3. 60 28, 560 53. 1060 78. 1560
4. 80 29, 580 54, 1080 79. 1580
\“#;,)’-n_;f‘*hqQﬂ,4AQm_,/*\£5,4uur’"“\\_ﬂom4Aor"“”"“d

If the specimen or organ is longer (wider) than the
ocular micrometer, choose a distinctive mAarkKer
within the range of the ocular micrometer, record
the units to that marker, move the specimen so that
the marker 1s at the O-line, and coamplete
measurement. Hepeat Aif necessary, following the
median line of the specimen or organ if possible,
Often a sKetch with a camera lucida projection helps
to verify such measurements.

Note: Always project and draw the stage nmicrometer

and label its value at the same tiwe the specimen is
drawn,
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PROTOZUANS AND HBE3OZO0ANS

With a few exceptions parasitic
protozoans are microscopic., They may be
intra- or extracellular asmd may be found
48 trophozoltes or cysts in the
digestive systen, the cicculatory
system, the auscles, or the skin of the
nost. Some protozoans are found on the
oudy surrface,

desvzoans are microscopic, ciliated
animals which parasitize the excretory
or r=productive systens of marine
invertebrates. The body is composed of
two layers of cells, They are rarely
encountered. o collect then, make
tissue smedars (p., 8) of the infected
Jyrydns and treat like protozoans.

A. Intestinal protozean forms.  Fresh
fecal samples should be examined
within 24 hours (48 hours if tightly
covered and refrigerated). Containers such as baby food
jars will maintain moisture and prevent dehydration of
the sample. Parafilm (p. 17) stretched across the top
of the container aids against dehydration. Be sure host

inforwation accoampanies the fecal sample.

1. Fecal samples and smeacs.
(Preparation of concentrations from fecal sawples is
described on p. 66.)

a. Direct wet smear technique. The first step in
the microsceopic examination of a fecal saample is
the preparation of a direct smear (taemporary

BOUNYL) &

(1) Unstained prepacation. Smedar a  small
portion of feces {(bloody or mucous portion
if present} on a clean microscope slide and

g miXx 1t with a few drops of saline. Add a
cover glass and examine with a conpound
microscope. The smear should be thin enough
to read priant through it, but should nat be
S0 thin that the material floats under the
cover glass. '

Note: Trophozoites are characteristic of
loose stools; cysts of formed stools.

Examine preparation using low power and very
low light intensity to f£find @mobile amebas,
flagellates, and ciliates. Specimens are
very small, and the slide should be scanned
carefully. :
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Begin at one corner, and read across to
the opposite side of the caver glass;
overlap the field, and again read across to
tne opposite side of the cover glass;
repeat, going back and forth until all ‘the
materilal under the cover glass has . been
examined, To reduce a tendency to becone
dizzy, sone people prefer to read the
preparation vertically rather than horizon-
tally.

{2) Iodine stained. Place a drop of fecal
material on a sliae, add a drcop of
iodine-eosin (see p. 100}, and mix; add
cover glass. Everytning will stain at once,
and the cysts will be bright and c¢olorless

dgainst a pink backyground. The cysts
gyradually become tinged with yellow, and the
nuclei becone darck brovwna. Examine

preparation as above.

¥arning: Iodine also stains starch, both
within protozoan cysts and in the
surrounding material. Large yeast cells may

also have delayed staining.

PYA-fixed specimens. An advantage of Burrow's

polyvinyl alcohol (PYA),” fixative is 'that
organisms in fluid samples can be stained. The
solution serves as an adhesive as vwell as a
preservative. '

(1) Transfer part of fecal sample to a vial or
bottle. Add no less than 2 parts and no
more than 3 parcrts of PVA-fixative solution

(see p. 128). It helps o @ake walks od
the conta1ner before adding the spec1men and
fixative.

(2) Stir thoroughly with am applicator stlckl or
stirring rod.

{3) Heplace stopper or cap and shake V1qorously.
(4) With an applicator stick, smear some of ! the
material from this vial onto a wmicroscope
slide, avoiding smears that are too thicx or

[
(cont. p.! 35)

[

}
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too thin (i.e., be able to read print
thcouyh smnear) .

(5) Allow to dry ftor 18 to 24 hours. i

{6) Follow steps 3 throuyh 6 of procedure | for

L 1

i
c. Formalin oL PAF-fixed gpecimens. See p. 72 for

pcocedure.
d. KceB-fixed specimens. See p. 104 for procedure.
e. HKIF-fixed specimens. See p. 68 for procedure.

. Permanent mounts. Excellent results  for
permanent slides can be produced by using
Schaudinn's fixative (p. _131) and an iron alum
hematoxylin (p. 102) Stain. Hany workers feel
that there is~"enough albuminous material in
feces to insure adhesion of organisms to the
slide. Using MHayer's albumen affixative ' (p.
120) vill minimize the possibility of losing
specimens during fixation and staining.

{1) Make a thin smear of fecal sample on a clean
glass slide,
te: Never let the preparation dry until

No
it 1s tinished!

€
i

(2) Have Schaudinn's fixative in a Coplin
(staining)} jar or petri dish; immerse slide
for 20 minutes ,at room temperature or 2
minutes at 60°C;

(3) Remove wmercuric chloride by rinsing the
slide in 70% EtOH and then placing it in
iodine alcohol (p. 125} for 5 minutes.

\
»

Hote: If iodiné color fades, replace With
fresh iodized alcohol. :

{#) Return slide to 70% £tOH. The preparation
may be stored for a time in 70% EtOCH.

(5) Stain in irom alum hematoxylin (p. 102) ' or
heatley's trichrome (p. 114),

(6) Write with a diamond pencil the host number
onto the slide. :

Note: Smears can be mwmade on cover glasses.
Carry out all procedures in Columbia jars; they
hold 10ml of solution. f
I
Blood smears (see pp. 6-8). |

duscle, internal organs, apd skin samples (see tissue
smears, p. B8; cysts in and on skin, p. 9)e | If
parasites cannot be collected by smear techniques, they

should be teased from the host:; or the host tissue

|
]
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(see p. 86 or p. B88)a.

Note: Prepared blood smears mnay be left wncovered
indefinitely. To study the parasites with oil-immersion
lenses, the immersion 0il is put directly onto the snear.
o remove most of the oil, the slide is laid wupside down
onto a paper towel or tissue soaked in xylene. Do not rub
dry! Some o0il will remain on the specimen, but this causes
no harm if slides are stored in slide boxes protected from
dust.

For better protection, permanent slides may be made for
study collections by adding a tain layer of Canada balsam
and a cover qlass.

See also: Fixatiop for EH, p. 86
Embedding and sectioning for
light microscopy, p. 88.

HOTES :
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HONOG ENEANS

Monogeneans are found inside the
on the gills and skin, 1in the

mouth,

qill chambers and cloaca of marine and
fresh~-water fishes, and in the urinary
pladder of awmphibiaans and, very rarely,
of reptiles.

When possible, record the precise
site of infection.

dote:

Aa

Ba

Large wmonogeneans are treated the
same as digeneans; follow procedures for
that qroup {p. 01).\

, relaxing, killing, and

- A -

Place small fish {(or amphibian)
or gills (gill arches should be
separated fron one another)
and/or fins in a container of
1:4,900 formalin.

Or: Ffreeze the gills or entire fish for 6-24  hours
to kill the vorms in a relaxed position and to
loosen the mucus which frequently clings to the
worns. Place the gills or fish in a vial 'or jar
of tap water for thawing, then shake -the
container vigorously for one minute. |

Oor: Isolated worms, body washings, gills and/or
entire fish (or amphibian) are placed in a
container 1/3 full of saline, tap or sea water,
and shaken vigorously for several minutes.’ Then
add (a) an equal volume of the same liquid with
chloretone (1qg in 250ml of water) or (b) a few
drops of fixative {(to make a 1:10,000 solution),
and again shake vigorously for several minutes.

i

Followiny any procedure above, pour the liguid: into
a tall vessel, let stand for a few minutes to :allow
vorms to settle, and then remove extraneous
particles bpy decanting the supernatant fluid.
Examine the sediment by placing small amounts in a
petri dish and SCanning under a dissecting
microscepe. Remove specimens with a pipette and
drop into AFA. 1
|

Storiny. These worms are so small that they may be
transferred from Lhe fixative to 70% EtOH in an hou or

two.

Include collection number. :
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Bounting and clearing small nponogeneans. .Small

monogeneans are usually mounted unstained in glycerol
jelly (p. 124), which also clears then.

Equipnent needed:

Water bath on a hot plate at #50C

Glycerol jelly with applicator stick

Glass slides

Cover glass (round) of two different sizes
(€é«y., 13mm and 22ma)

Razor blade

Jar with Canada balsam (for double slide
technique)

1. Place vial of glycerol jelly. in warm water bath
until the jelly is liquefied. ’

Note: Excessive heat will destroy the jelly by
chanqging it to an irreversible colloid which will
pot hardean.

2. Put one drop -of 1liquid qjelly on glass slide,
position specimen, and add a rouand cover glass.

3. Let preparation cool and harden. Remove excess
jelly witnh razor blade.

4. MWarming the slide on a hot plate permits removal of
cover glass and/or rotation of the specimen, but

sSmall monogeneans are so fragile that this procedure
1s not recommended.

Note: HWhen mountinq in glycerol or other agueous media,

transfer specimens from water (or 70% EtOH), not fron
abso lute alconol!

Note: Glycerol media have a very high osmotic pressure
which may cause collapse and shrinkage even in fixed
specimens., Transfer delicate objects via intermediate
dilutions of glycerol (as alcohol evaporates, add
glycerol to brimqg back to original volunme, allowing
several hours or days in each dilution)

« "
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5. Permanent mounts of the preparations using the above
technique are simply made by ringing tuhe cover glass
with a double layer of clear fingernail polish.
Anotner method is:

Double cover glass mount.

-—— e e .-

a. Place a larger cover glass (22nm) on the edge of
a waraing plate.

(cont. p. 40)



glycerine jelly
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Add a drop of the melted jelly in the center of
the cover glass and orient the specimer within
the djelly (ventral side down because the
specimen will later be viewed through the large
cover glass).

Slowly lower the second, smaller cover glass
{(18mm) onto the preparation.

specimen
cover glass 18mm
i .

o cover glass 22mm
6)

e/
/_\\c_____,-canadu balsam

balsam

glass slide
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Let the assembly cool anu the jelly set at room
temperature overnight.

Scrape otf excess jelly with a razor blade.

Put a drop of balsam in the center of a glass
slide.

Turn the double cover glass assembly over SO
tnat the larger glass is on top, and then lower
it onto the drop of balsam. The balsam w1ill
spread under the small cover glass and extend to
tne edgqe of tne largyer glass, forming an
effective and permanent seal (see fiqure above).

Hote: sSuch preparations wmust be dried at roonm
tenperature for several weexs., Putting themn into a
dryiug oven would melt the jelly.

see also: Fixation for EHM, p. 86
Embedding and sectioniny for
light microscopy, p. 88.



DIGENEANS AND ASPIDOGASTIREARNS

(sporocysts, rediae, and cercariae) are
found 1in molluscs. Metacercariae are
common in tissues of many invertebrates
and vertebrates, Infected tissue may be
ted to chicks or ducklings, and after a
period of 1 to 3 weeks the adult
trematodes can sonetimes be recovered
from the intestine of these ‘*"foreilgn"
hosts.

found in the intestine of vertebrates,
although many organs may be infected.

rish, turtles, molluscs, and crustaceans,
vyarious organs ot the hosts are
infected, They should be treated the
same as the digeneans.

Ao
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Developmental stages of digeneans

Adult digeneans are most conmonly

Aspidogastceans are parasites of

kelaxing, xilling, and fixing adults. Other things

being equal, the quality of the fixation will detetvnine
the quality of the final preparation. Trematodes 1in
general are very delicate. They have to be fixed ‘soon
after they are found in order to prevent maceration.
For best results, fix them while they are still alive.

Frequently trematodes are so packed with eggs that
internal structures are obscured, The Worms cah usually
be made to discharqge some of the eggs by putting  themn
into distilled water for a few minutes. If they do: not
discharge some eqgs in 15 minutes, then add glacial
acetic acid drop by drop.

Large trematodes can be relaxed in ice wWater or
cooled in the .refrigerator, or they can be anesthetized

with menthol (sprinkle a few crystals in dish holding

worms in saline) for 1/2 hour. The nost widely .used
fixative for this qgroup is 'AFA (see p. 119). :

Proceduce for flathening worms ¥hile £ixing.

|

1. Using a brush or pipette, transfer a specimen to a
slide with a few drops of saline. :

2. Position specimen dorsoventralliy.

3. Add a cover glass over the fluke.

4, Draw off excess saline with a paper towvel (absocrcbent
matecrial) on one side while adding'fixative on | the
opposite. }

5. Apply enougn pressure on the cover glass so that the
specimen is straigatened to approximately ! its
average deqree of extension. Use an easily
controlled tool such as a flexible dissecting
needle. Opserve with a hand lens or dissecting

|
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microscope while applying pressure. DO S
Continue pressure until the specimen becomnme gue.
Note: Many workers have given up "flattening" specimens
because the inteérnal structures become distorted and can
not readily be used in comparing measurements. Lt
should be pointed out here that when we use the tern
"flattening,® ve do not inmply making a "pancake image"
of the trematode, but rather straighteniamy it to its
"pormal®™ snape. Small worms rarely need flattening, and
all other specimens should be fixed under stight
pressure. |

Since WOCmS vary much in size and muscularity, the
amount of pressure varies proportionally. Often the
weignt orf nalf of a cover glass will flatten small
specimens (less than 3mm) as the 1liguid is vithdrawn.
On the other nand, some worms are so0 muscular that one
cannot flatten them with pressure applied to a cover
glass. In such cases, ohe can use another glass slide,
In extreme cases, for example the hirudinellids, a worn
is put between two giass slides, and two adjustable
clamps (see fiqure below) are applied to assure
eyualized pressure.

The entire preparation is then placed in a Dbeaker
of tixative for 24 hours. Since most of the body
surface is covered by glass and penetration occurs only
on tie free surfaces, the wors snould stay in tne
fixative another 24 hours after the clamps and glass
slides nave peen removed to assure total penetration.
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Another simple technique to flatten specimens‘under
a cover-glass is to use a sprimg made of a paper clip.
dend the clip as shown in the diagram below: :

T
¢ ‘
L

a. Pull the two arms of a paper clip apart to an
angle of approximately ©0 degrees.

p. Bend the longer arm aear the middle so that the
rounded ends of the two arms neet.

c. Adjust the amount of pressure exerted.

d. The vire tip extending upward may be used as a
hand Le. '

,/'I) :i
/} T

~d
I~

Caution: If compressed specimens are ot immersed in
fixative, take care that they do not dry out on the
slide!

After flattening, remove specimens to a vial of AFA
for further fixation. Keplace fixative with 70% ELOH
after 24 to 48 hours.

Some workers prefer to kill and £ix specimens
without pressure in a hot (not boiling) liquid. The
helminths are transferred from the organ parts to
stender dishes of fresh saline and killed by adding hot
water. A few seconds later the worms are transferred to
a vial of cold fixative. This method is reported to be
equally suitable £for trenatodes and cestodes. A
variation of this method is to heat-treat entire organs
by pouring boiling water over them as they are separated
in small beakers; then the organs are placed 1into
fixative for fixation and relatively short-term storage
until examined.

The quickest and simplest of all metbods would be
to kill and fix the parasites in situ by preserving the
siit organs in"cold 10% formalin. (The volume of the
fixative should be at least 9 times the volume of the
tissue.) '
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Note: Fixation of parasites ip situ usually results in
tanqgqled, contracted, and mucus-covered worrs that nrake
poor specimens later. This method should aot be used
unless you want to demonstrate what the parasite looks
like in sity, 1f sectioned material is to made from it
anyway, or if other, more desirable wethods, cannot be
used.

The parasitologist balances quality, time, and
conditions (in a field camp, at sea, etc.}) in choosing
methods of killing and f£ixing. Often 1t is a gquestion
of when and where 'the time will be spent on the
specimens,
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Pipette worms into a vial of hot water or AFA (about 500
C}. swirl] until wores relay and die. Fix in c¢old AFA
and store in 70% EtOH.

Excysting living larval trematodes. Trematode cysts can
be teased apart with dissecting needles, or the larvae
(metacercariae} or progenetic adults may be excysted
chemically. Often it is enough to drop the cysts in
0.6% NacCl solution and allow to stand at coonm

temperature until the larvae excyst.

Another pethod for excysting is:

1. Drop c¢ysts into digestive solution for 30 minutes:
HCL {0.3%) wevewman wewsae 10 parts
pepsin (Us5%) sevssaermes U parts

2. ¥ash in saline (according to type of host).

3. Transfer to solution of 0.5% trypsin in

0.85% NaCLl{K,HPO4), PH 7.8, for 10 minutes.
4. %ash in saline.
5. Add 1:20,000 streptomycin to saline.

I

Excysted worms may be killed and fixed or nmay be used
for in vivo studies (sSee vital staining, p. 112).

Storipng. Store in 70% EtOH with collectinge number.

Staining. Hayer's hematoxylin and Mayer's carmalus are

good stains for trematodes. Follow general procedure
described p. 19, Another beautiful stain, using
HBalzachel’'s technique (P 1060}, differentiates the

various organs sharplye.

Mounting. Follow general procedure described p. 23,

I

See also: Fixation for EH, p. 8b.
Embedding and sectlioning for
light microscopy, p. 38,



CESTODES

the intestine of most vertebrates.
Procercoid larvae are normally
found in the hemocael of
crustaceans. Plerocercoid larvae
(spargana) are solid larvae found
commponly in fish and snake nmuscle,
coelom, liver, etc. Cysticercoid
larvae are usually encysted in the
nemocoel of crustaceans, iasects,
pillipedes, oligochaetes, and other
invertebrates, but less commonly in
vertebrates. Cysticercus larvae
(bladder worms) occur ia various
organs of reptiles and mammals, but
seldor birds.

Ltaution: Be careful 1in working
¥ith cestoude larvae since several
species can infect directly.

-4p—

Adult tapeworms are common in

Cestodes are the hardiest of the platyhelminths.

Collecting and relaxing may be done somewhat more leisurely,
but gentle treatment 1s necessary. The neck region and
strobilae may break.

A,

gg;;g_glna and relaxing. Care must be taken to recover
thé wovliex OL the tapewora, VEtel sSCrapinyg deeply with
a blunt scalpel will free the mucosa in which the scolex
is embedded. In other cases, excise a small portion of
intestinal wall in which the scolex 1s embedded, and
chill along with the worm in saline. Tnis may induce
the worm to loosen its hold, or the wvworm may do so
spontaneously if left for a time at room temperature.
Very carefully tease the host tissue from the point of

insertion and allov the scolex to float free.

Cestodes tend to contract and twist unless they are
relaxed pefore fixative 1s added. Chilling the worns,
either in saline in the refrigerdator or in ice water for
several hours, relaxes them wjith the least handling.
Another method is to place them into 5 to 10&% ELOH at

Medium-sized to larye cestodes may be swirled with
a blunt instrument (like glass rod) in a dish of wara
water or diluted fixative. The worm will lenygthen
noticeably as it relaxes. Cut the larger tapeworms into
workable-size sections before swirling them 1in the
varmed fixative.

———— S A e sE=a=

1. Small cestodes may be handled like digenetic
trematodes, taking care to keep scolex and strobila
togyether (attached).
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Hedjum-sized cestodes (up to 30cm). Beginning with
the large end of the worm, draw it onto a glass
plate along with some fluid. Cover with glass
slides, and pipette fixative along the edges of the
slides. The purpose 1s to obtain flattened
specimens, so take care mot to “float™"™ the slides.
Allow to stand 30-45 minutes, but do not permit the
specimens to dry. Remove slides, cut strobilae into
3-ycm lengths, and transfer to a dish of fixative.
Place each specimen in a separate dish.

wdLde speclimens may be  wound acound bottle or

da
beaker. Be sure that no parts overlap! Doul | hot
Lixative guickly over eatire specimen. Uavind, cut
into 3-4cm lengths, and transfer to a dish of

fixative for .several hours or overnight.

The vapdr from heated AFA (evaporating

Note:
alconol) 15 highly flammable.

Hedium-sized and large cestodes may also be Kkilled
and uncoiled by dropping them into hot water (about
759C). Fix atterwards in Bouin's fluid or AFA.

Alternatively, spread them on long glass plates
which are covered with water-molstened filterpaper

(fnanor tawanlg) Carafnlly ctraiachten tho wonrmsg ‘with
"Jul’cl— l—\l—hﬁg’. l-o\-.l.\_‘.ud-d.’ gu‘l“*‘,."\-l. e BB S LS A e C T e % AL

a soft brush and cover with a second glass plate.
Pour fixative onto paper extending over the margins
of the glass plates. Fix aftervwards in AFA.

.

Lacval stages. Proceed as for larval or small

e —— " — o i

digenetic trematodes (p. U44). !

Artificial evagination of cysts. The viable cysts
are carefully removed from the host and placed 1in
saline solution. Each cysticercus should | be
liberated from its cyst wall, if necessary {see p.
78), and placed in a warm (37-389C) bile-salts

solution (p. 120) . Invaginated specimens, \upon
being put into the salt solution, generally show
movement within 20 seconds. Then proceed as | for

smal l digeneans (p. 44).

Wihen collecting conditions do not favor prompt

recovery and treatment of tapevorms, the entire gut and
its coatents may be preserved in 10% formalin, This
method often produces twisted or coiled specimens, which
should be treated as described on p. 80.

decribed under Heat treatment p. 5.

Another method of fixing cestodes in situ| is

—_—— _—~mms sl =

Storing. Transfer to vials or bottles of 70% EtOH,

—_— e

keepiny sections as straight as possible, Remember . to
include a specinen number! 5 ;
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ing. Stain as described in general procedures,
» Often carmine stains (like Hayer's carmalum, p.
108, or Semichon's aceto-carmin, p. 110} are used for
cestodes. Another staining method * is MalzZzacheT's
technique (p. 106} which staind tapewsrms well by
differentiating the various organs sharply. ’ '

iounting-. Apply moderately viscous balsam to the right
2/3 of a2 glass slide 1in parallel rtous (see figure
below). Position the lengths of the wora alony the rCows
of balsam. Dip the cover glass in xylene or clearing
agent, toucm tne cofner to a paper towel to remove
wacess fluil, aud <areiully «f£ix  ihe cover dglass Oy
hoginnaing at one end and slowly loweving it over the
balsam and specimens., There should be enough balsam ‘on
the slide to fill the spaces petween the pieces of worn.
If specimens are particularly thick, naccow pieces .of
slide may be placed between the Specimens to support the
cover glass, Additlonal balsam may be added from the
edge.

! ‘!
Thern TR
XL YT A B e L
e

sy et

y ) : R R i
PRI Seen TEus ]

{lon 0 Krs) o l m 3 e j{ ___E Fé—-’;h’ i
i

mtaDiben  MAD e D

AADAASEA e LI M W B e =
[ 3er dsey i) |

Ex Woivem

Some compression may be required when mounting
worms uhtil tane palsam is dry enough to Aold the cover
glass im place. Spring clamps (see p. #43) may be used,
but taxe care that mountant does not harden around
clamps. !

Demonstration of gestode hooks. Berlese's npedium (see
p. 120} is an ideal mountant to demonstrate rostellar
hooks. This solution clears the surroumrding tissue
without altering the size of the hooks as may happen
with glycerol. :

Mount scolex in  Berlese's gmedium and ring
preparation (see p. 76) or make a Jdouble cover glass
moufit (see p. 38}, :

i
;

See also: Fixatlon for EH, p. 86. !
Embedding and sectioning for
light microscopy, p. 88.
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ACANTHOCEPHALANS

) Adult acanthocephalans are normally
found only in the intestine of vertebrate
hosts. The thorny proboscis is ' embedded in
the qut wall.

Some of the major taxonomic characters
of thorny-headed worms are on the proboscis;
tnerefore, the provoscis should rLe fully
ext enaea,

Note: Cystacantns should be treated as
adults. Other larval stages may be prepared
4s Digenea, but are not excystead.

A. Collecting. Use great care in removing
acanthocephalans from the host so0 that
the hooks of the proboscis are preserved
intact and in place,, The safest
procedure to collect the adult worms is
to cut out a small square of the
intestinal wall .containing the enmbedded
proboscis, then tease, away the  host .=
tissue. Remove as much host tissue as
possible from the hooks as the worm is
being freed from the “host's intestine.
Do not puncture the living worm,  Tease W\ 23y
tissue apart with dissecting needles *Q@%‘
around the attached proboscis, : Az,

s.  Rilliny oL@ 4nd extending proboscis.  Place worm 1o
cold or room-temperature distilled or tap water and
leave it there as long as it lives., This may require up
to 43 hours. Largecr worms should be refriyerated.-
Honitor with dissecting microscope. The water will move .
into the worm by osmosis, and the increased internal
pressure will evert the proboscis.

C. Fixinge Leave the parasite in fixative (AFA) about 48

hours before it is transferred to EtOH for storage. The

body wall should then be punctured 3-4 tines with an
insect pin near the midbody apd at the base of the
proboscis to allow exchange of fluids. Leave in

fixative about 48 hours.

U. Storing. Store in 70% EtOH. Include collectiny data!

E. 3Staining.

1. Small specimens should be stained with Mayer's
carmalum or Mayer's hematoxylin (general procedure,
Pe 19).

2. Large specimens (such as Macracanthorhyncaus) which

cannot pe mounted on glass slides are not stained.
They are cleared and stored in glycerol.
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Clearing. Additional caution should be taken when going
from absolute alcohol to Xylene because fragile
specimens may collapse, This can be avoided by placing
clearing fluid under absolute EtOH.

First, pour in enough clearing agent to half £ill
the dish. Then enough absolute alcohol 1is carefully
added with a pipette to fill the dish. Add the specimen
to be cleared. It will first float at the intecface of
the two fluids; the exchange of the liguids occurs
gradually. The object sinks down into the lower layer.

When the specimen has sunk, the alcohol is pipetted
off and the clearing agent replaced with fresh solution
before mounting.

Hounting. Follow general procedure, p. 23

_— s . . —

See also: Fixation for EM, p. 86.
Embedding and sectioning for
light microscopy, p. 88

ROTES 2
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NEMATODES

The phylumr Nematoda is
the largest and most diverse
of the helminth phyla.
Parasitic nematodes may be
found free or encysted in any
tissue or organ system of any
host. The lack of circular
muscles gives the worns a

characteristic whipping
movement.
Wihen dropped into

formalin (or other fixatives
that cause shrinkage), t he
cuticle tends to make the
HOoEmS colla

A. Collectipg. At the tinme

of collection, it is often
difficult to detecmine

whether specinens are
adults or Jjuveniles, but .
techniques are the same e

for both. HNematodes are often free in the lumen
organ systems and are easily removed with pipette

forceps. Those in tissues can be teased out or fixed

situ and studied as serial sections. é

For collection of soil stages, see description,

p. 13.

Microfilariae in the blood are collected im thick
blood smears and treated like the blood protozoans (see

Pe 7)»

B. Relaxing. Host nematodes are relatively extended when
found and will remain that way. Those that are loosely

coiled may be extended by swirling them for a

few

minutes in cold glacial acetic acid. Small nematodes

can be relazed in saline or water om a glass slide
flash heatiang them over a flame. Larger specimens

by
cai

be dropped into steaming (not boiling) 0.5% acetic acid

and left until they become uncoiled.

C. Killing and fixing. To obtain good study speciaens,

nenatodes should be killed as straight as possible.

Use

pear boiling 70% EtOH (né open flamel) or Looss's fluid.
However, hot alcohol is rarely available during f£field
worke A& simple alternative method is to use cold acetic
acid to kill and fix nenmatodes; it also clears qulckly
and may be used as a preservative while im the field.
Transfer specimeas to 70% EtOoH after a few minutes,

; Nematodes may also be killed apd fixed in any of the
fixatives used for other helminths.
Hote: The nenatode cuticle is comparahively

imperneable. 1f nematodes are to be used $foc
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histoloyical studies, cut off the anterior and posterior
parts while the worm is immersed in the fixing fluid.

Clearaing.

1. Place specimen in a mixture of half 70% EtOH and
half glycerol. Gradually add more glycerol to
unstoppered vials or bottles as the EtOH evaporates.
The spacimens will slowly clear in this solution as
the percentage of the glycerol increases. If
evaporation proceeds too fast, add more EtOH to keep
the worms froam cellapsing.

2. Specimeas may be cleared quickly by placing thea in
phenol alcohol {absolute alcohol (1 part) and melted
phenol crystals (4 parts) l. This solution is useful
for clearing specimens quickly; it works eyually
well from either water or alcohol mixtures. t is
especially useful for observation of cuticularized
Sstructures such as spicules. The solution will
crystalize at low temperatures, but this caa be
prevented by the addition of (¢glycerol to the
solution (5% of volume). The addition of glycerol
also permits temportary mounts to be kept for study
over several days if additional solution is added
periodically at the edge of the cover glass. The
specinena should be washed in 70% alcohol to rcemove
phenol prior to steorage.

Bote: There are tnree important disadvantages o

using phenol alcohol for clearing nematodes:

(a) The solution darkens if exposed to light.
Therefore, it must be stored in a brown bottle,
and the specimens in temporary mounts must be
kept in darkened boxes when not being studied.

(b) Because the «clearing process dameges some
delicate tissue, such as the intestinal cells of
some nematodes and causes the cuticle to swell,
nematodes that have been cleared in phenol
alconol are not good specimens for sectioning
and staining.

{c) Phenol alcohol is unpleasant to work witna, h 5 o
will burn exposed skin 1f not washed off
inmediately.

3. PVA-lactophenol is a quick clearing agent. The
nemnatodes can be dropped from water, saline, or
alconol directly into this agent, wanere they clear.
The clearing can be speeded up if the preparation is
placed on a slide warmer for an hour or so.

Storing. Specimens m:y be stored ian a mixture of a
little EtOH and gqlycerol after being cleared. The
alcohol will prevent fungal or bacterial gqrowth which
may destroy the specimen. Include collection number!

Staininyg. Generally, nematodes are not stained, but
there are a few methods to stain certain structures.
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1. Some small nematodes may
living worm in a drop ot
slide to which one of

neutral red) has been added.

amount of stain added

personal experimentation.

spicule and gubernaculum
souin's (or overnight in
if fixative 1s unknown):

place nematodes in
lactophenol solution
Rinse with 70% EtOH.
Destain specimens

distilled water

Rinse in 70% EtOH.
picarbonate-70% EtOH
belowv.

Mounting. Nematodes
permanently. Smaller
glycerol jelly (see PP,
are kept in glycerol and are
sone qglycerol when studied.

turned in various positlons.

are

The addition of Giemsa stain to the
method will give color to
improve optical properties of the pceparation.

in
solution
fucnsin leaves the specinen.

Remove picric acid stain with

Clear as described apove and mount as

specimens
38 and 124) .

be stained by placiny the
two of egg albumin on 2
the vital stains (e.g..

PYA-lactophenol
structures and
The

by

nematode

should be determined

stain. After £fization i

pictic acid/distilled water
saturated acid fucﬁsin-
and heat on a hot plate.

saturated
until

picric acid-
no mwmore acid
|
saturated sa2diun
solution. 1
described

)

t
not mounted
be nmnounted in
Lacger sSpecimens
to a slide with
renain free to be

usually
may

remnoved
They nust

Preparation of "en face" view. For study of cephalic
glycerine
j(.‘“y
P
| et ] — _c‘m‘{'i:\:“ P —
specimen
S I B =
forre Sxaspnmen - T B GAR fuA __] B
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structures, which are important in the taxonomic study
of nematodes, one has to cut off the anterior end and
mount it under a4 cover glass, orieating it so that the
mouth opening is upwvards,

Cut the anterior ead with a very fine and sharp
razor blade noi farther back than one body width. Treat
this piece py normal procedure for nematodes and wmount
it 1n glycerol jelly {see pp. 38 angd 124) .

See also: Fixation for EN, p. 86.
Emoedding and sectioning for
light microscopy, p. B8.
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LEECHES

Small Jleeches can be ‘
treated like digenetic i
trematodes. Large  leeches |

must be relaxed before they
are killed!

A.

BC

Relaxing. Leeches are
very muscular aand must be
completely relaxed before
attempting to kill and fix
them, A reconnended

nethod i1s:

oy .
o e
e
.

<o o i
. .

1. Place leech or leeches Ezﬂ;;f !
in small dish of ir-* N é)

=
.

&

saline or water,

2. Float menthol crystals N
on surtace of liquid. S i

3. Allow to stand until b
the-  leecnes are Ol A
completaely limp aad do %igj(g(gﬂﬁkgf
not respond to A
stimulus, i

4. Allow to stand another hour longer than you think
necessary! Leeches are notorious for rolling up into
neat little balls after fixative has been added to
"completely relaxed specimens.”

5. Renove liquid and wmenthol crystals.

Killing and f£ixinge.

1. Add fixative as for digenetic trematodes, p. 41.
2. Flatten, if necessary, as for digenetic trematodes,
pp. q]_ujn

Storing. Store ian 70% EtOH, include collecting number.

ing and @meunting. Follox general procedures,

See also: Fixation for EHN, p. 86.
Embedding and sectioning for
light microscopy, p. 88.
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AKRIHROPUDS

The
includes

phylum Artaropoda 7
several groups of

_ parasites, most or which are

external. They come in many
and some may be lost
pecause they are uot visible
to the nakeu eye. A few, such
as the
respiratory tracts of
vertebrates, are internal.

sizes,

Since

structures arCe external, these
parasites should be handled

pentastomes in the

nost identifying

carerully.

A. Collecting.

1.

Fleas and lice. The simplest method 1s to suspend 3
fresnly killed animal over a funnel large enough to
concentrate whatever drops from the body. In time,
depending on aubient temperature and humidity, the
fleas and lice will leave the host as the Dbody
temperature drops. It this method is not
convenient, place the freshly killed host in 2

plastic pay (see p. UH).

Mites. Scrup Lur or
featners or scrape
skin (see Pe 8).
Feather mites do not
leave the host and may
be carefully combed
from the feathers of
sturfed and pounted
pirds or from study

SK10ns many years arfter

thelr preparation.

surroving mltes are

removed Dy skin

digestion {see P-

78) .

?icks. Ticks are usually embedded in the skin. IE

pulled from a living or fresaly killed host, some or
all of the diaqnostic mouth parts may remain in the
sKin. A drop of EtOH or other Airritant chemical
(such as oil, glycerol, or diluted fixative) placed
directly on the tick will cause it to release its
hold. If the host is dead, use fine~pointed forceps
to grasp the skin beside the point of penetration

and free the tick, or remove the portion of skin to
wnicn tane tick is attached and fix.
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Copepods and isopods _
are freyuently fouad |
attached to the skin
and gills o©of fishes.
1f easily de2tached,
drop individuals into
a small wvial of 7u%
EtOH. If not easily
detached, cyt out a
small piece of tissue
contalning the
parasite and carefully
remove the tissue from
the parasite before
preserving. it is
also possible to preserve the parasite with the
tissue. The host
tissue 1s more easily
regoved this wvav.

Pentastomes. The hooks

in the mouth reglion
are eambedded 1in the

tizsue of the
respiratory system.
Remnove trom point of
attachment as for

ticks (see above).

found enbedded in the
skin or in the tissues

surrounding the
esophagus. Thelir
mouth hooks and/or
posterior spiracles
are of taxononic
importance.

Bedding and bird nesis. A funnel (serlese) nay be
used to collect fleas, i

lice, and =mites fron (:;;f
bedding of mamma e Light bulb
burrows and bird

nests. Place materjal Mool lobo
in the funnel. Put an ploced here
electric 1light above

it, and c¢ollect the
arthropods froa the

small end of funnel

vhere they have been

driven by the heat.

Screen or
hardware cloth

Conlainer of
alcohol
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Killing. If the arthropods are not dead when collected,
place them directly ip 70% alcohol (unless they ‘are
holometabolous larvae which must be killed in ooilinq

vater or Peterson's solution, see p. 127) &

Clearing. Specimens {except pentastomes and mites) are
transferred directly from 70% alcohol to 10% KOH ani
left until ‘internal tissue is dissolved and the
exoskeleton becomes relatively transparent {(froa 12 - to
48 hours depending on size and color of specimens).
Largqer specimens should be punctured with an insect pin.
Warm (not poiling) KOH 1is faster and will cleacg
specimens in 10 to 15 minutes.

Note: DPentastomes are not cleared.

Hote: Hites are cleared like monogeneans {p. 38).

Storing. Place specimeas in vials or bottles of 70%
EtOH. Adding 5% glycerol to the alcohol will help to
prevent brittle appendages and serve as a safequard
against complete drying if the alcohol evaporates. 1f
the preservative becomes discolored during storage,
discard the solution and refill with fresh fluid.
Alwvays add collecting information or number to the
container holding the specimeas.

Mounting. Arthropods are mounted unstained.

1. Hoyer!s medium. Fleas, lice, mites, and ticks nay
be mounted directly from distilled water or 70% EtOH
into Hoyer's medium (see p. 125} » If mites Aare
filled with blood, punctuce thes and place +them iu
boiling lactic acid solution for a few seconds.
Hash thoroughly.

Whole pentastomes usually are not mounted
permanently. The hooks should be removed on one
side and permanently mounted in Hoyer's nmediun.
Smail males less than 1cm long may be mounted
permanently in this medium if the reproductive
system is to be studied.

1 Jjelly. Hites are mounted like nmonogenedns
- 38 and 124). i
|

3. Canada balsam. An alternative method for mounting

is to dehydrate through the alcohol series to 100%

(the time for each step will depend on the size 'of

the organisms; a satisfactory tine for small

artnropods is 15 minutes eacn step), xylene (tvwo

changes, 10 minutes each), mouni in Canada balsanm,

and add cover glass.

See also: Fixation for Ed, p- 86.
Embedding and sectioning for
light microscopy, p. 88.
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MOLLUSCS

Parasitism is rdare awong
adult molluscs, but tne lacvae
of freshwat2r bivalves, family
Unionidae, are generally
parasitic. The larvae, known
as glochidia, develop within
the adult clam, pass out of
tne parent molluse, and becone
attached to the gills or body
surrace oL the fish or
ampniblan nost, Within a few
hours arter the larvae beconme
attached, they are surrounded
by host tissued

ay contain larval stages of these flatworms (see

A. Collecting. Excise tissue surrounding the larcva

Molluscs serve as intermediate hosts for digeneans

tease cyst apart, using a pair of fine-pointed needles,

or fix in toto.

. Killing and £Eixing. conmon fixdatives dre Bouir
{(contains picric acid wvhich will soften the shell of
developing clam for sectioning) or 10% formalin.

w

C. Storinqg. Transfer to a vial (include specimen number?)

—_——— = -

and keep in tixative or 70% EtOH. When tranferring from
Bouin's to BtOH, change the alcohol periodically 2atil
1t becomes clear and shows no trace of yellovw (picric

acid).

D. Staining. Many vorkers prefer pnot to stain glochidia

s

and treat them like monoyeneans (see pp. 38). if

specimens are to be stained, follow tne general
procedure (see p. 19). Often carmine stains are used

for this group.

E. Moupntiny. Unstained material may be npounted like

monugeneans in glycerol jelly (see p. 38) . Stained
material is denydrdated and mounted in moderately viscous

baisam (see p. 23).

See also: Fixation for EM, p. U6

Embedding and sectioning for

light microscopy, p.
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UISCELLANEOUS PHYLA

AS stated in the
introduction, parasites may bhe
found in or on tne body of
vertevrates and invertebrates,
and they may, themselves, come
trom practically any phylum.
It would be too repetitious to
list all the woinor Jroups

showing sone form of
adaptation to parasitism, In
most cases, special methods
are not required for

collection and preservation.

In general, the organism
may be killed and £ixed in
buffered 10% formalin (9 tines
the volume of the organism)
and stored in either the same fluid (cheaper!) or 703

alcohol (preferably EtOH).

To make study preparations(depending on the size¢ of the
organism), they may be stained by using hematoxylin or
carmine stains and mounted as whole mounts in Canada balsanm
{see general procedure, D. 19) . LE sectioning is
preferred, follow procedures p. 8d (for light microscopy)
or p. 8% (for electron microscopy). Larger specimens are

left untreated in storing aqgent.

NOTES:

—_——==



- 6-

CONCENTRATION TECHRNIQU:ZS POR FECAL EXAMINATIOHN

Iin medical and veiwerinary parasitology, it is often

necessary to diaqnose infections without seeing the
mature parasites. If they live in the gastroiantestinal
tract, they may produce large pumbers of eyygs, larvae,
Oor cysts that leave the body of the host with the feces.

tollection of fecal sanple. Fresh fecal samples
should be examined within 2% hours (48 hours if
tightly covered and refrigerated). <Containers such
as babpy food jars will maintain moisture and prevent
dehydration of the sample. Parafiln {(p. 17)
stretched across the top of the container ailds
agalnst dehydration.

Note: Fecal samples which have been deep frozen are
unsatistactory for flotation techaiques.

concentration of parasites from feces Bay be
accomplished in a number of ways, of which we are
listing the more COMROD ORRS,

Apparatus and naterials needed:

Yicroscope {(with low power, 100X; and high
power, 400X)

Centrifuge (preferably electric type)

Glass slides (clean)

Cover ylasses (ldmn?)

Centrifuge tubes (15ml capacity)

Beakers (100nrl)

Wire gauze {30 mesh/inch) or cloth gauge

Glass rod {(or wooden applicator sticks)

¥ooden tongue depressor

Forceps {finpe pointed)

Flotatior solution (depending oo concen—
tration technigue used)

1. Centrifugal flotation technigue. This wethod
depends oa mixing the fecal sample with a
liguid, the specific gravity of which is greater
than that of the worm eggs, yet less than the
specific gravity of most of +the fecal debris.
Thus the wors eggs rise to the top of the

flotation fluid by gravity.

Noge: Mot all helwminth egys are brought to the
surface. Egys with opercula and heavy eggs
reraln at the bottom of the container. For
these, the sedimentation technique (described
below) should be used.

The most commonly recommended flotation
fluids include saturated agqueous solutions of
NaCl, 4nsQ,; , sucrose, or 33% 2nCl,. Since the
price of sugar has gone up, it is advisable to
use a salt solution (see zinc sulfate solution,
P 132} .
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The method listed below will allow wWorkers
in a laboratory to establish relative wors loads
over a period of time. It is advisable to keep
records of the number of eggs counted and the
nunber of worms recovered post morten.

Note: Different helminths deposit varying
nunbers of egys.

a. keigh out 109 of feces.

b. #ix thoroughly with 300ml of tap water.

c. Pour part of the solution through a fine
screen into a beaker. Keeping the solution
irn motion, pour 15ml of the strained
solution into a conical centrifuge tube.

d. Centcifuge for 3 minutes at 1000 rpm {or
higher}, then pour off the supernatant
fluid. This washing may be repeated until
tne supernatant fluid is clear (3 washings).

e. Fill the centrifuge tube with saturated salt
solution. Using a glass rod, mix the
sediment with the liquid. Add wmore salt
solution to the centrifuge tube wuntil a
meniscus forms at the top.

£. Place a square cover slip (22mm?®) on top of
the meniscus. This must be dome with care
so that air bubbles are not trapped.

g. Centrifuge for 3-5 minutes at 1000 rpwm. The
parasite egqgs will be forced up and adhere
to the underside of the cover glass.

h. Keeping the cover glass level, remove it
with a gquick upwvard movenment. This is
important, the object beilng to remove all of
the parasite eqggs alonyg with a drop of
solution. (Eggs may also be removed with a
wire loop, but do mot use loop as a dipper
by going below the surtace; simply touch the
surface.

i. Place the cover glass on a glass slide, and
couwnt the number of parasite eygs under the
microscope. The numper of eggs under the
cover glass represents the number of wornm
2ggs in 0.59 of feces and can easily be
converted to an estinmated T=J s JEs I
{eggssqram) .

derthiolate-iodine-forpalin (HIF) preservation

S e e e el . e A - —

and cupcentration. Perhaps the nost desirable
of all coacentration techaiques is this one., It
nas become a standard in most medical technology
laporatories for fresh fecal material,
especially wvhen protozoan parasites are sought.
It is particularly recommended when only one
procedure can be performed, because it preserves

trophozoites, cysts, eggs, and larvae. Using

this technigue for preservation will allcw later

concentration with excellent results. A high
percentage of positive cases tested is detected
shen this procedure 1s followed.
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Note: satisfactory permanent mounts cam be made
from AIF-preserved material usiny a trichrone
stain (see p. 114 .

stock HE solutkion:
Distilled WALEE wesvamaennsasw vecammwun S0ml
Formalin {CcommercCial) esevevwsmmwewsenssas DSBL
Tincture of merthiolate (1:71000) ..e.. H0ml
{Note: Use tincture of merthiolate,
Hoo 99, 1:1000, Eli Lilly and Co.)
GLYCEILOL s ecrenvamrasusssseronsnsnsnenas 10RL

a. HMix well.
b. Store in brown bottle

Lugolls selution:
See page 126.

Procedure for conceptyation

L L]

a. Add solutions in the following ratio:
0.6m1l Lugol's to 9.4ml He sLtock
inmediately before use to make 10ml of
MIF preservative.

h. Hix thoroughly about 1 part of feces
with 3 parts of MHIF.

C. Pour suspension through two layers of
wet gauze into a 15ml conical centrifuge
tube.

d, Top off with more HIF and centrifuge at
1000 to 1500rps for 1 minute.

e, Carefully pour off supernatant fluid.
Break up the sediment and resuspend it
in 1Jmi of fresh MIF solutiona Let
stand for 5 minutes to allow conmplete
fixation.

f. aAdd 2 to 3ml of ether. Stopper the tube
with rubber stopper and shake vigorously
tor one ninute. {Should the ether
remain separated after shaking, add sone
drops of water and shake ayain.}

gJ. Centrifugye the tube at 1500 rpm for one
minute. Four layers will fors: An
ether layer on top, a plug of fecal
s01ids, an HIF layer (clear), and the
sediment containing the parasites.

n. Loosen the plug of solids with an
applicator stick by ringing it, and pour
cff all liguid except the sediment.

1. Mix the sediment with fluid remaining in
tube. Hore MIF nay be added if needed.

Note: The concentrated parasites wmay be
stored in a vial with MIP solution for
later studies.

j- Transfer a drop of tne suspension to a
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glass slide, add a cover glass, and
exarine.

k. To make permanent slides, transfer a
drop of suspension to glass slide
prepared with Mayer's albumen affixative
{see p. 126), let dry for 3 to 5
minutes, and stain with Hheatley's
trichrone (see p. 114).

L A iy e TE T A WA U s S

This method is similar to HIF concentration. It
permits concentration of most helminth eggs,
including those of schistosomes and
acanthocephalans, In comparison with the
tlotation techniques {(above}, this one always
scores higher in recovering helminth eygs.

a. Transrer about Jg of feces to a test tube
{(15m}) and npearly £ill with saline solution.
Thoroughly egulsify.

b. Strain through two layers of wet gauze (or
cheese cloth).

c. Centrifuqe for 2 minutes at about 1800 rpa.

d. Wkash twice in saline solution, centrifuying
as above and pouriny off supermnatant £luid
edach timea.

e, #ix sediment with 10ml of formalin or PAF
{p. 127} and allov S minutes for fixation,

f. Add 3ml ether, invert, and shake vigorously.

4g» Centrifuge for 2 minutes at about 1800 cpn.

h. Decant ether, detritus, and formalin.

1. Use a wire loop or pipette to transfer
sufficient sediment to a slide. Ad3 a cover
glass and examine under a nricroscope. If
insufficient fluid drains back from the tube
vall, preventing use of a wire loop or
pipette, add a few drops of saline and mix
with sediment.

concentrating eqqs for SEHM uwork or life-cycle
studies. The concentration technigues described
above alter the shape and surface morpholoygy of
the helminth eggs, mainly because of different
osmotic pressures, crystal formation from the
solutions used, or chemical reactions due to
ingredients. It is therefore important to
abstain from these procedures when the eggs must
retain their original micro-morpholoyy for SEH
studlies or viability for life-cycle experiments
vhere infective eggs must be collected without
being able to collect the adult worm.

The method described below is rapid, does
not require expensive reagents to perfora, and
maintains enbryos in living condition.

{cont. p. 784)
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a4 Collect fecal material in water.

b. Hix well.

€. Let run through a set of sieves or vwet gauze
and collect f£luid into a white container.

alass
container

supernatant fluid

sediment

d. Tilt container with Ffluid and let stand for

10 minutes. —__
e. Decant super- C::::::mdﬂﬂf)

natant fluid

e
and add a <
little fresh N
Yater. N

f. Pour the sedi-
ment into a

separation

dry separa- funnel
tion funnel
and with a

carefully cic-
cular motion

swirl Lhe
sediment. At
this time, the .
. i
6qqs Will luld with eggs
adhere to the valve
side of the . £
glass. container to

g. Qpel} valve and collact washing
drain eXCesSs fluld

fluid.
h. %ash eqgs off \“\\ !
glass wall

with tap water 1
and collect.

LS

To collect the
majorcity of the
eqggs, steps feh
ray be rereated
with the washing
fluaid. . /

=
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study collections of uorLs eaqs kay be made using
the above techniques. After the eggs have been
concentrated, they caa be pipetted off and
transferred to a vial containing 70% EtOH (or
formalin, which will shrink the egys somewhat).
Hematode eggs of certain groups (ascarids) can
be concentrated and stored in formalin for

future experiments requiring viable eggs.

Bermangnt pmounts may be prepared using a
variation of the double cover glass method
described for monogeneans (p. 38} . Place a

small drop of concentrated formalin-preserved
24gs at the center oL a laryge cover glass; cover
witn glycerol jelly and top with a smaller cover
glass, making sure that the liguid does not
extend beyond the small cover glass; invert
prepardtion and mount directly in fairly viscous
balsam,

——— R Mk T i e =

materlal. Place a slide on a turntable and spin
a ring with fingernail polish or asphaltun
cement (dlameter a little less than a large
round cover glass). Let slide dry and nave
ready for later use.

At the time the preparation is to be made,
place a4 fresh layer of polisa or cement on the
dried layer. Immediately add a drop of the
tixed fecal material ip the center of tae ciccle
and slovly lower a cover ylass so that the
liguid spreads (letting the alr escape) and
£ills the vhole cell. Gently press on the edges
0of the cover glass to insure coantact with the
soft polish or cenent.

Set slide aside overniyght at Eoom
temperature. Seal the edges of the cover glass
with a rinal layer of fingernail polish or
asphaltuwm cenpent,
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ARTIFICIAL DIGESTION TECHNIQUE

This method is useful for the recovery of flesh- or
skin-dwelling metacercariae and  larval nenatodes,
especially if the parasites are few or when large
nurbers are needed. Some parasites tolerate this
procedure very well; others die rather quickly.

The usual method is to grind the tissue containing
the larvae 1n a kitchen food chopper or to macerate for
a fev seconds in salise in a blender. Add approxinately
1g of host tissue to 20ml of digest f£luid and place in a
jar along witn a few glass beads to aid agitation.
Digestion is daccelerated if the jar is placed in a water
bath at 45-39¢(. Best results occur if this can be
coupled with a water bath shaker, but shaking the jar by
band every few minutes is satisfactory.

Host host tissue will be well digested in 1 hour or
less. Such preparatioas should stand undisturbed for 5
to 10 minutes before the supernatant fluid is decanted.
The pottom material containipg the cysts and vworms
shnould be rinsed 2 or 3 times in saline. After the
final decantation, the bottom material can then be
examined in a petri dish under a dissecting microscope.

The recommended composition of digestive fiuid is:

Sdline (Hinqer'S) & B S mW WS E B W 199 ml
HCL (concentrated) swvesceeensees 1RL
Pepsj-n LR LI AR B O B R R R B I R S R 1‘;

For optimum results, this €£luid should be wmixed
fresh each time. It is of critical importance that the
pepsin be reasonably fresna.

Note: The above fluid and technique can be used to
recuver Tricninella larvae with 2 mnmodifications: Use
Locke'!s solution instead of Ringer's, and dJdouble the
gquantity of HCIl.

TREATHENT OF WHOLE HOUNTS THAT HBAVE TURMNED BLACK

A, Remove cover glass by placing slide in xylene and
leave until nousnting medium is dissolved.

B. bSoak specimen for 3-5 days in pure beechvood
creosote.

C. Hydrate to 70% EtOQH.

D. Trdansfer for the same time (3-5 days) to 5% acid
EtuR (79%). If necessary, restain.

E. Dehydrate, clear, and mount in balsan.
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AIR IN %HOLE HOUNIS

khen worms are transferred from xylene to Dbalsam,
they are leaving one medium tor another which  has a
higher density. he thinner medium, xylene, will
migrate from the specimen to the balsar. If this
dilution occurs too rapidly, the xylene in the specimen
is not replaced by the balsam, and opague spots result.
The remedy which suggests itself is tane use of thioner
balsam. This works well with thin specimens, but thick
material does not mount well in thin balsam. For tnese
specimens, proceed more slowiy fron clearing agent to
balsam by passing them througa two changes of thin
balsam (1:1 xylene-balsaz aad then 1:6 xyleme-balsanm).

Other clearing agents are often used successfully.
0ils do not allow air bubbles to form because they are
removed more slowly than xylene., Beechwood creosote and
methyl benzoate are examples of such clearing agents.

RECLAIMNING DRIED SPECIHENS

pried-out specimens which had been stored in EtOH
are often discarded. Material of distinct taxonomic
value is often included in the losses. Various mnethods
suggested to reclaim such specimens have shown definite
limits Lo thelr usefulness.

The chemical with the greatest value for <treating
dried, hardened, or somewhat shriveled specimens seens
to pe trisodium phosphate (Ha,P0,) in aqueous solution.
Treatment with this chemical does not destroy the
internal tissue. It can be used at low concentration;
0.25-0.5% trisodiun phosphate in distilled wvater is
effective. To speed up the process, place the dried
specimen in the solution in an oven at 350C.

Potassium hydroxide and lactic acid are reagents
with some usefulness for dried arthropods and nematodes.

STRAIGHTENING PAHRASITE SPECIMENS FIXED IN SITU

Althougna it i1s important to straighten platy-
helminths for study purposes, unflattened specimeus nmay
hecome avallable bhecause:

A. The parasites were fixed ip situ with the host
tissue {p. 5}, ©.9., museum collections, or

8. The collector did not take the tize to
straighten them during collection.

Can these worms bhe used?

{cont. p. 82}
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Platyhelminths collected this vay may be very
pritetle and may break without special treatzent. To
soften these vwores, transfer them to 70% EtOH and
glycerol (1:1) and let stapd for 48 hours to one
week depending on the size of the speciamens. The
glycerol is removed by several changes of 70% EtOH
or when the parasites are goved down the alcohol
chain.

Distorted specimens should be stained by
standard procedures, aad no attempt should be pmade
£t0o uncolil or straignten them until they have been
destained and transferred to fresh 70% BtOH.

A single specipen is placed o a glass slide
and a capillary tube positjioned on top of it where
it touches the slide. This process 1is continued as
the worm 1s uacolled, resulting in a specimen that
i5 cowmpletely covered with capillary tubes.

capiliary tubae

c g ,

aloss slide .~ "‘\s;:ecimen
kit

- 3 g 2 \_3.4
| ARLA R

capiliary tuhos

\bu glass
S et S 2 11 [T
NSy T

- - e am

specimen

A second glass slide is then placed on top of
the capillary tubes (add clarps if needed) and the
entire preparation transferred to a larye petri
dish., Denydrate specimen in alcohol serles. {(For
trematodes it is often enougnh to place aaother glass
slide on top of the worm ard not wuse a series of
capillary tubes.)

The time for dehydration should be at least
doubled at each step., Afterc a suitable perled in
95% EtOH {about one day or two), the top slide and
capillary tubes can be removed and the $pecCinen
transferred to absolute alcohol.
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REHOUNTING TECHNIQUES

s
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Replacing broken gover glass

1. Place danaged slide in £freezer for 30 to
minutes or longer.
Inmediately upon rereoval from freezer, flick

B
-

mediun.

pedium, place a drop of xylene on
surface of the mounting mediun.

instructions below under seciion C.

*

containing specinmen.

'ﬂgﬂq;aﬂd Londoq,

and a nevw cover glassa.

cover glass Ffragrents with needle or scalpel.
Brush avay any small particles of wmoumtinag

60
off

a. If hairline cracks appear in mrounting

the

b, If specimen sticks to cover glass, follow

Place a drop of thimned Canada balsam on cesin

Add new cover glass and set it with appropriate

pLessiure.
~¢ 6. Place in drying oven or air dry for several days
until the balsam is firm enough so that the
>\  slide may be handled.
N .
2 Note: This method is equally effective for whole
g mounts and sections.
5
B.q Salvaging specimens in grystallized mounting mediun.
2 Certain synthetic resins may crystallize after 10 or
. more years and will endanger mounted specimens or
¥ interfere with viewing then. The action is
- progressive and will contipue until all the medium
\ g is affected.
2
- 1. If crystallized resin does not engulf specinmen,
3 follow procedure for Replacing Droken cover
; glass (steps 1-3}. After removing the cover
glass, scrape avay the crystallized resin with a
P scalpel, place a drop of xylenme on the surface
\yh of the old mounting medium, add Canada balsan

Hote: This method is equally effective for whole

mounts and sections.

2. If crystallized resin engulfs the specinmen,
follow procedure for Replacing broken co¥er

b= e e A

glass (steps 1-3). Then place entire slide

petri dish of xylenme until all wounrting nmedium

is dissolved. Use enough xyleme So that

specimen is alwvays covered. Continue
mounting the specimen on a nevw slide (see
24) .

C. Specimens from broken slides
Follow instructions under 4 (1 and 2); place
piece of slide vertically im a staining dish
xyiena, and leave untid mounting nedium
dissolved. Transfer specimen to a new slide

gpount (see p. 24).

the
by
p.

the

with

is
and
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YIII, FIXATION PROCEDURES FOR ELECTRON MICROSCOPY

The use of electron wmicroscopes as tools in
parasitological research has sharpened our concepts of
cell structures, host-parasite interfaces, and fine
surface structures. This type of work has both
supported and altered previous information obtained with
the light microscope. Today, this part of our —reseatch
is quite common, and for that reason we include sone
standard preparation techniques used in electron
microscopy.

A. TEM (transmission)
Two fixatives are generally used: 3% glutaraldehyde
and 1 or 2% osmium tetroxide. Both are made up 1in
the same 0.1M phosphate buffer at pH 7.3.

eSS e——

Solution A:
0.24 solution of NaH, PO, eH,0 (27.69/1)
Solution Be
0.24 solution of Na,HPO, (28.ug/l)
(53.65q of Na,HPO,e7H,0)

To make buffer at pH 7.3:
23nl of solution A
77ml of solution B
dilute to 200al
results in 0. 14 solution

Fixation and embedding schedule:
1. TFix 1-4 hours in 3% gluteraldehyde at TroomR
temperature.

Note: If the parasites or tissue to be
fixed are thicker than 1mm, they need to be
cut into smaller pieces for TEM work. Place
specimen on a plate of wax in a pool of
fixative and cut up with a new tenmpered
steel razor blade, which has Dbeen cleaned
with acetone.

2. Wash one hour in 5 changes of buffer with
10% sucrose added (room temperature).

3. Post-tix in 1 or 2% osmium tetroxide for 1-2
hours at room temperature.

4, Rinse briefly in distilled water twice.

5. Move specimens up through alcohol chains:’
15%, 30%, 45%, 60%, 75% (process can be
stopped here), 95%, 4 times in 100% EtOH at
10~minute intervals.

6. Propylene oxide (2 changes, 5 minutes each).
Propylene oxide/epon mixture (1: 1},
overnight in uncapped vial.

7. Fresh epon mixture, under vacuun for 1-2
hours or longer if tissue is difficult to
infiltrate,

8. Place tissue in capsule and place capsule at
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80%C to polymerize (about 48 hours).

For further information, refer to a TEM manual
(e.g., Dawes, C. J. 1971. Biological Techniques in
Electron Microscopy. Barnes and Noble, Inc., New

————— T —— ———— e T

st ko

The same fixation process as for TEM may be
used for SEH, but it is now widely accepted that
parasites may also be fixed in the same solutions as
used for lLight microscopy. The specimens to be
studied should not he flattened im any way, but it
is very helpful to relax them.

For further information on SEM~-techniques,
refter t6 an SEM manual (e.g., Hayat, M. A. 1378.
Introduction to Biological Electron  Hicroscopy.

University Park Press, Baltimore).

EMBEDDING AKD SECTIONING FOR LIGHT MICROSCOPY

The specimen {or tissue) which 1s processed for
enbedding and sectioning is handled similarly to those

specimens intended for whole mounts, The nost common
fixative used is buffered 10% formalin, but parasites
fixed in AFA and other fixatives can be used.

Processing by the paraffin techanique 1is acconmplished
most rapidly and gives the best results when ¢thin
sections of soft tissue are desired. Since paraffin "is
not water-soluble, the specimen is dehydrated and then
cleared in solutions miscible with paraffin before
impregnation. '

Step by step infiltration by the required reagents
produces well-processed specimens. The end result will
be sections closely resembling the living state of the
specimen in which every cell type is recognizable.

A. Dehydration. Remove water from specimen (tissue)
with EtOlH series as described on paqge 22.

B, Clearind. Reagents ({(e.g., xylene} must be wmiscible

with both the denydrant apd the paraffin,

C. Inpreqgnation is the conplete substitution of tae

=Yt e e S

clearing agent by paraffin, Use two or three

changes of paraffin baths. Host laboratories use
paraffin with a melting point of 56-58°C, but the
choice of paraffin (see pa. 127} depends on the

hardness of the tissue and the thickness of the
sections to be cut.

Hote: Alongside the usual histological methods, the
use of plastic media has lately become more popular.
Certain wicrotomes allow cutting sections of 1-3um



-G Q-

thickness satisfactorily. Follow steps 5 through 8,
starting with 75% EtOH, p. 86,

Embedding is the orientation of tissue in melted
paraffin which, when solidified, provides a firn
medium for keeping the tissue intact when sectlions
are cut.

Each laboratory has a preferred nmethod for
embedding., One of the easiest methods, now commonly
used, is the TISSUE TECH embedding sSysten.

Processing_time:

TOX BLtOH ceerncerwmesssonsonnsn wewwwwe holding point
80% EtOH (2 changesS) ceew== waresanresrss 3 hour each
95% EtOH (2 ChangeS) smewmesecmaewwe=ee 1 hour each
100% ELOH (3 ChANnges) sesssesssssssss 1 hour each
100% EtOH/xylene {50:50) wswewmswawess 1 hour

XV1OMNE cvvecsusnnunmmemsnvamuvonrswsssun 1 hour
Xylene/paraffin (50:50) siensvwesssa»s 1 hour
Paraffin {3 changesS) vaeeemrcecsmen~ .o 1 hour each

Vacuus the last change. Embed and cool guickly
(plunge into cold water) apd cut sections at about
5-10uam thickness.

Note: Add identification number to the embedded
tissue.

Note: Blocks of tissue embedded in paraffin may be
stored indefinitely.

Hounting sections. The cut sections are mounted on
glass slides and are covered later (after staining)
yith a cover glass. The tissue sections need to be
attached to the glass slide to provide support while
staining or to permit the wmounting of several

sections ip seguence.

The customary mneans of fixing sections to
slides is attachment with egg albumen (p. 126) and
water. %ith one alcohol~cleaned £finger, smear a
thin film of albumen fixative on the slide, and vith
a second finger, vwipe off excess albumen.

After sections have been cut, they can De
floated in a water Dbath (temperature 5°C belov
paraffin melting polnt) and picked up onto the
albumenized slide by dippipg it under +the <floating
section and removing it from +the Dbath. Hold the
section in place with a needle while drainiang off
excess water. Dry the slide on a warming table or
in an oven below melting temperature of paraffin.

{cont. p. 92)
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Note: In systematic studies parasitologists often
need serial sections of the specimen. For this
purpose the paraffin block containing the specinmen
must be trimmed so that its borders are parallel and
close to the specimen., Sectioning then produces a
straight ribbon which is cut in appropriate lengths
{2/3 of slide length), floated in parallel rows on a
thin film of distilled water on a slide and placed
on a hot plate only until the ribbon expands (but
does not melt!).

G. Routine Mayer!'s hematoxylin and eosin stajning
procedure. This staining method is commonly used in
laboratories because it 18 sinple and gives
consistent results even vwhen a persoh is learning
the technigue. The solutions are in a series of
containers that can hold several slides at one tinme,
such as Coplin jars or Tissue Tech II. The slides
may be left 1in hematoxylin £for hours vithout

overstaining.

1. Xylene {deparaffinize) sceacemecwsss 2 min.
2. Absolute ELOH ceenswmsvcmmmonesvuras 2 min.
3. 95% EtGH I.'lll.l.."l.l.'lﬂ.lﬂll... 2minb
4. Hayer®'s hematOXYlil .cecvwcesencacs 15 min.
5. Hash in running tap v¥ater seceesees 20 min.
6. Counterstain with eosin 15 sec. to 2 min.

(depending on the depth

of counterstain desired)
7. 95% EtOH evevsnmnmomcencmnenonvanunnns 2 mine
8., Absolute alcOohol .eervevervnamwmnsecwy 2 min.
§. Absolute alcOhDl weccaccvasmencvenws 2 min.
10, XyleNE svwivmemssassannsnesnocrevvan 2 min.
11- xvlene Qtll.ill'!ID!II.’I"...BICQBI 2 min.

12. Hount in Canada balsam.

For further information on enbedding, sectioning, and
staining for light nicroscopy, refer o a technigue manual
(¢.g., Humason, G.L. 1967. Apigal Tissue Technigues. W.H.
Freepman and Co, San Pramncisco).
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STAINS AND STAINING METHODS

The following entries are in alphabetical order. Fornulae
for all solutions mentioned as ingredients are included here
or under reaqgents and solutions (p. 117). fHlost stains nmay

be obtained commercially, but that often does not assuce a
khovwledge of the ingredients.
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hepatoxylin

Ilematoxylin ﬁ.'.'.‘-'-"‘--I.--...-.-O-...----...-ﬂﬂ 19
Distilled WALET soesscssssesesorsssnsansasnssanss 10001

Dissolve powder with gentle heat, stirring
constantly. Cool,.

This solution should ripen at least 6

months. Add 3 drops of saturated agqueous

lithiue cabonate before use.

Delafield’s hematoxylin

m solution:

AlNHq(SO“)Q WEEEEEEEEEENE N IFE BN R I A BN B BN about ‘log
Distilled WATEL weeecessusces . wssanes 100ml
1. Add alum to hot distilled wvater,
stirring continuocusly until no more
crystals will dissolve.
2. Let solution cool,. Excess alum
yill crystallize.
3, Pour off solution and store in
glass-stoppered bottle. ¥ill Kkeep
indefinitely.

Stock stain:

Hematoxylin CrysStals seesssscessassensasssnssaaa 1g
EtOH (950%) eswvvwvsenevmnunsssanumnssnasuvasavsans 6ml
A-l-um SOlution " ENEEREENEENENEN I I I B B R B R B R ] 100ml
Hethyl alcohol {acetone=free) ee.suweseccecssasss 25ml
GlYCErOl itecaemuscucsemsansvosnasumnms emecawnes 2001
1. Dissolve hematoxylin in EtOH and
slowly add aluum solution,
2. Cover container loosely with cotton
or gauze, and place it so that it
is exposed to sunlight for two
weeks until stain tucrns dark.
3. Mix solution with glycerol and
methyl alcohol.
4. Filter before use.

1. Dilute stock stain (1 part) with distilled water
(9 parts) or until one can "read print" througn
it.

2, Transfer specimens djrectly from water - to
staining solution.

3. Allow to stain overnight.

4. Follow general procedures for staining (p. 19}.

(See testing for quality under Hematoxylin
solutions, p- 100.)
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Hematoxylin {powdered) sossesssvrusasesaverrssassan 29
EtOH (95%) vervemsansmnsssasasunccanssannnesnsonsovn 100nl
GlYCELOL vivessossvcanssvssnarsssarsssessnssnssres 100ml
Clacial 2ceticC ACLd meweccwescecswsssssmnrecananses 10ml
DiStilled WALEL sesesssssravranssovassranvsenssas +00ml
POLASSIUN ALUL wwmevwemmvamusunsnmewacomensennnnase 3§

1. Dissolve the hematoxylin in the
alcohol,

2. Add the glycerol and the acetic acid.

3, Dissolve the alum ia warm distilled
wvater.

4, Slowly pour that solution into the
hematoxylin solution while stirring.

This is a stock solution which
should ripen for three ta four weeks,
For use, dilute one pant stock solution
with three to four parts of 35% EtOH.

{See testing for quality under Hematoxylin
solutions, p. 100.)
/ Eosin ,
Eosin 1s used as one type of counterstain for
hematoxylin

Fosin ¥ (water—soluble) ssvesevsescessenssn g

Distilled WALETL wewewvwomowsnsssonmusnsnnsa 20ml
Dissolve and add:

EtOH (95%) e " % G R B B B s BEAPE S BN 4 S BE BN sSET OSSN BOm}-

_—— . Vs - v PP St

FOSiNn SEOCK ecvenenmmnonncenssasmnsssmne 1 part
EtOH (80’%) 50 S BB F S SERBPRT RS SR FRSIORAREOPD 3pa£‘ts
Just before use, add 0O.5ml of
qlacial acetic acid to each 100nl
of working solutiog.
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There are probably as many different methods of Giemsa!

staining as parasitologists who wuse the stain, The
following has been found to be a rapid method with
excellent results.

GLYCRLEDL weaewmveuvermtsumansswmsanananasne 40al
HethyYl 2lCOA0l sesesssmessvasossossrasnsnssss G301
Giemsa POWASE cewuwescmsesvmemmasnanssonsas 19

1., tMix well for 1-2 days.

2. Pilter.

3. Dilute stock 3:97 with buffer.

Butfer:
Ha25904 P R N N N Gg
KH)PGy seemecamesnn=a vasema seweemsnsmecsans 2(
PDistilled WAter .cecucawen= coramt. eamss 1000ml
-Diiute buffer (1:10) before dilu-
ting stock with it.
-Mix omly what is inmediately
needed.
-Keep buffer refrigerated.
~Mixed stain should be a dark blue.
Staining method:
1. Air-dry snears.
2. Fix in absolute methanol (1 mipute); shake

off liquid, but Xkeep vet,

Place smears in stain for 10 mwminutes or -
place some stain on the slide. :
Gently rinse in small strean of tap water.
Air-dry and observe (add a thin layer of
impersion oil}.

6., Hay add cover glass for long~term storage.
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Hematoxylin solutions {testing for gquality)
Hematoxylin stains will keep for months. To test then,
add several drops of sclution to tap (not distilled)
vater. If it turns bluish purple immediately, it 1is
still satisfactory. If it changes slowly or stays
reddish or prownish, it has weakened or broken down and
should be discarded.

o

s e P e} —————— —

Botassiun 1odidé: viis e i s s adussssas v oviieemmnnees 599
Distilled Hater cevecswsnsumessavsannonnsancssnna 100ml
(Sometimes an 0.8% HaCl solution is
preferable to distilled water to @make up
this stain.)
Iodine {CCystaks] cuwiswssassanssusssewssaswss a5 nNeeded
Eosin (SaturatEd aqUEOUS} I I N R R R N N R N A R A AR 100ml
1. Dissolve potassium lodide in water.
2. Saturate solution with iodine crystals,
3. Mix with saturated aqueous eosin.

Ironp alun {fecric alum)
FELLiC AlU@ sosvnssasonrssnnsas ¢ B ¥ b BaGGEEERnanse Yy
DisStilled YALEL wswvescsmmuvmmecasnccnnanussenans 100@1
Keep in refrigerator to prevent precipi-
tation on sides of bottle.

Note: Use only violet crystals of ferric alem, discard
brownish crystals.
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ron alum hematoxylin (Johpson!s)
For use with thin films of PVA- or Schaudinn-fixed fecal
material after excess mercuric chloride has been removed
{see p. 35).
The directions given below presuppose that:

—The staining solutions are made of good quality
ingredients and the hematoxylin has bheen propercly
ripened.

—The smear is not allowed to dry at any time.

_Solutions are filtered before use (last 24 hours).

~The iron alum is not more thamn 1 month old.

Splutions used:
Iron alum N T T T R B I BRSO 100[]11.
Aqueous hematoXYlif ceecssescacsecssmcnns 100ml
Pour each of +the above solutions
into separate staining dishes and
have at least one other dish on
hand.

Staining procegure:

1, Bring smears from 70% EtOH to distilled water,
leaving slides in each solution for 2 minutes.

2. Place in iron alum solution for 30 minutes at
room temperature or 5 minutes at 600C.

3. Rinse in running tap water for 1 or 2 pminutes.

4. Stain in aqueous hematoxylin for 30 alnutes at
room temperature or 5 minutes at 600C.

5. Rinse briefly ia distilled water.

6. Differentiate in 1% iron alunm solution. Remove
the slide from the staining dish as soon as the
intense black color of the smear turns dark
qray., Check upder the microscope and continue
destaining if necessary.

9. Yash in running tap water for 20-30 minutes to
remove every trace of the iron alun.

8. Dehydrate by passing through 703, 854, 95% and
absolute alcohol for 2 to 5 minutes each.

9, Clear in 2 changes of xylene (5 nminutes each) »

10. Hount with cover slip in Canada balsanm.

ADSOLUTE BLUCUNWL LUL £ LW o Miluwesw wuoue
9, Clear in 2 changes of xylene (5 minutes each) s
10. Hount with cover slip in Canada balsan.
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A sinple procedure for intestinal protozoans in feces in
which firxative and stain are combined into a single

solution.

EtOH (304) eacoces meserusmmsonstssmnmensensean 170ml
MethyYl AlCOhOl ecemawssnosseonmsnmssssrsravanss 160m1
Glacial acetic AC1ld ituweewsvovumsussosnmenns ve 20ml
Liquid phenol seuusseessasssssnasesrsasssnsans 20l
Phosphotunygstic acid (1%) ~vecccsswwerecaas wimive: L SEL
Distilled VYALEGL .ceesnsvuasossasrasnsocasasasns 018ml
Chlorazol DBlacCK seweesnecennm Pma SRS A e e 09

1. Hix liquids.

2. %Weigh out dye, grind in a amortar,
and add small amounts of the
solution, Grind wuntil a smooth
paste is obtalned.

3. Add more solution and continue to
grind.

4, Let settle, pour off supernatant
fluid into separate container.

5. Add  more solution and repeat
grinding, settling and pouring
until all dye is in solution.

——— - T i e e — ey Syl

1. With a wooden applicator stick, smear sone
fresh feces or qut contents onto a <clean
slide, The area covered should be slightly
less than 3/4" square {about 1icn2). Avoid
smears that are too thick or too thind

2. Do not let smear dry!!! After making smear,
plunge slide directly into a staining dish
with the chlorazol black fixative-stain.
Stain for 1-2 hours in undiluted soclution.

Note: Staining time varies slightly from
batch to batch of stain, but it 1s easily
determined by a trial run,

3. Transfer to 95% alcohol for about 2=5
ninutes,

4. Dehydrate in absolute alcohol for 5 minutes.

5. Transfer to xylene {2 changes) for 5 minutes
each.

6. Mount in balsam with cover glass.
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a techrigue

¥hole @nmounts of cestodes and trematodes stain
particularly well with this method. The technique \is
still little known. It uses Borax-carmine stain and
Astra blue stain to differentiate the various organs
sharplye

A e e e v ek WA W v

AStrd BLUL weswwwwesssemesemm pameemmmoevwe 1
Tartaric aCid P T E R R 3g
Distilled WAter eeewewsecsrevscasasssoss 100m1
Mix ingredients well., Stain can he
used immediately.

e Wl e i e ey ey M i

Carmine FEEEREERER ¥ T NI B NN N BN BN R I B R R B A L e 3g

Borax & 4 4 P 8 W R R T FPE R R T RS E S AS N bR RS ug

Miy ingredients and boil for about
30 minutes or wuntil carmine 1is
dissolved. Cool and add:

BEOH as s asssssensnssnssussrsssrvasransasans 100ml
2llovw to stand 1-2 days and filter. 7

1. Transfer specimens from 70% EtOH into
borax-carmine for 15 minutes.

2, Transfer then to distilled water until the
parenchyma looks pale.

3. Transfer to astra blue stain for a few (3-5)
minutes.

4, Wash in several changes of distilled water
until the rinse is clear.

5. Dehydrate (start with 70% EtOH), clear, and
mount.

- LG MM LS AP AL W M 4 P WY asww ARy g e o g —_——

mount,
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Mayer's acid carmine .
Distillead WALer swessswwoesss onssev s sssiasinsummsy 1omk
HC1l {CONCENLT.) wevwvwssvasuensvuasnnssonscsnwun 12 ATOPS
Carmine (alum 1aKe) soersessavarnssnsrssesransnaasss U4
EEOH (BOAYy sounuunmueun s viui% o4 6.0 & slanses 36 se.us savss  9bal

1. Boil carmine im acid and water until
dissolved.

2. Cool.

3. Add alcohol.

4., Neutralize (one drop of concentrated
aamonium hydroxide 1is required to
neutralize 20ml of stock}.

5. Betore using, one part of stock is
added to four parts of 70% EtOH.

s e - e it A A e

1« Put specimens from 70% EtOH into the staln.

2., After organisms are stalned (overstained) ,
destain in acid alcohol.

3. Dehydrate, clear, and mount.

k. o

D.stilled watelr S d iy isssisdsivasassssnsaas 10ml
Potassiun AlUll wcuswwewecseese vee « e § suee & - o % mmuies DG
Carmige (alul lake) wwssuvevives suissasiiaannsssnss 29
EBEIE HEI s srmmeses e essmien srpme ¥ s @ « oie waave & L@
1. Dissolve dye and alum in boiling vwater
and simmer for one hour.
Cool.
Add acetic acid.
Allow to stand 10 days.
Filter and add a few thymol <crystals
(to preveat mold growth}.
5. Dilute with distilled water as desired
just before use.

th £ L pe
. 4
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Same as for HMayer's hematoxylin (p. 22) .

Same as for Mayer's hematoxylin (p. 22).
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van Cleave's combination hematoxylin stain
Delafieldts hematoxylin Staill vewecessessmvasscsses 10l
Ehrlich's hematoxylin StAin ssesessescvasssessssass 1ol
Distilled water swcssssasesswsnss suvssnareeevemee  100BL
PotaSSium a.l'liﬂi » » B b b A AS BB E S IR B IBUERTA LRI S DS NN 6g
Dissolve alum in water before adding to
stain. :
Trematodes: stain 30 minutes.
Acanthocephala: stain overnight.
Destain in acid alcohol if necessary.

—— — —— . - Bt "R Ty

vital (often called intra yitam) staining is
advantageous for studying many living parasites Decause
of the selective stalaing of structures and the

simpliclty of its use.

Depending on the purpose, one Dpay use basic or
acidic vital stains. The basic vital stains are less
toxic. Some examples of basic stalns are: aethylene
blue (now a controlled substance imn the U.S.), neutral
red, and janus qreen. Examples of acidic stains are
trypan blue and carmine. The acidic vital stains are
more easily fixed in the orgqanisna

With the finger tip, spread a very small drop of
the aqueous stain on a slide apd let dry. add a drop of
water containing the 1living speciwmens, cover, and
examine immediately or add a drop of stain to solution
containing the parasites.

Example of a vital staim preparation:

Hethylene blug solution
Hethylene blue powder {(medicinal) ....... 3.5¢g
Distilled H, 0 {Orf Salife) cececevvaswumsreso 100ml

1. Add stain to water and mix
well.

2. Let solution stand £for few
hours, shaking at intervals.

3. Filter or decapt the solution
into a screv-capped or glass-

stoppered bottle.
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iheatley's trichrome staia

Chrohotrope «.eeee mmcetvmmasemavsansaanne ««s .60g
LIGHE: GLOEN: ; ussasweas sowti § s o e maeses BalSg
Fast Qreel ceeceecenceroccasnsnnscancenas cewnvansen UO.15g
PhoSphotunstic AcAd o swerswamsns ewaeese s wawerw  Ded0g
Glacial ACetlC aGid s s wu v was an emwsneennnnoanoee Te0nl
Distilled vater seceecwoss tmeemu s mmenm - — 100.00nl

1« Put the dry stains into a clean flask.

2. Add the glacial acetic acid, shake to
kix, and allow the amixture to stand
{("ripen") for 30 minutes.

3. Add the distilled water. Shake to nmix

thoroughly.
Note: The stain 1is stable and 1is used without
diluting. Good stain is deep purple, almost black.

iAot e b g Ty e e i

Place slides containing dried fecal smear or

tissue sections in:
1. 95% EtOoH for about 5-10 minutes.
2. 70% EtOH for 5 minutes.
3. Trichrome stain 10 minutes.
%4, Dip briefly into distilled water,
54 90% acid EtAGH for 5 seconds.
6. Dip into 100% EtOH.
7. 100% EtOH {2 <changes) for 5
each.

pinutes

8. Xylene (2 changes) for 5 minutes each.

9. Hount in balsam with cover glass.
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Hright!'s stain
Wright's stain is relatively ipexpensive and one of the
easiest to use for blood smears. The fixing solution,
methyl alcohol, is combined with the stain. The stain
is commercially available in liquid form {ready for use)
and also as a powder (which must be dissolved in nmethyl
alcohol before use).

Wright's stain powder 1is ground up with ocethyl
alcohol (0.1g to 60ml)., The alcohol must be labeled

—— —— —— e — - ———

Grind thoroughly in a <c¢lean glass mortar.
Gradually add the alcohol while grinding the powder
into sclution. Pour off the solution containing
dissolved dye into storage container; add more
alcohol to the mortar and grind again.

Repeat this process uptil all dye is dissolved
in the premeasured methyl alcochol., Keep stain in a
tight-stoppered bhottle,

. — S ——_— e

1. FPlood the dried smear with about 20 drops of the
stain and let it stand for 2 minutes,

2. Add distilled water drop by drop until the
sucface of the mixture appears to have a green
scum. Usually this scum will appear vhen the
amount of water equals the volume of stain.

3. Let stand 1 to 5 minutes and wash in distilled
vater, Do not wash longer than is required to
remove excess stain.

4. Allow to dry thoroughly.
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The solutions included under this section are needed
while collecting in the field and during the preparation of
specimens in the laboratory. They are probably found in
most laboratory stocks and should always be available for
sudden opportunities to recover parasites and to prepare
them.,

All chemicals listed should, if not otherwvise stated,
be reagent grade.

Percentage solutions., It should be indicated 1in sone
way whether the percentage 1is determined Dby weight or
volume: Either it should be written out in grams (g) and
milliliters (ml or cc¢) or it should be expressed as
w/v (welght in qrams in 100ml volune of solution} or

v/v (volume in ml in 100ml total volume of solution) .

Although it is erroneous, a long-established habit of
technicians is maintained. Percentage solution of liguids
is diluted as though the reagent solution is a 100%
concentration (e«g., 1% solution of acetic acid is 1iml of
glacial acetic acid in 9%wml of distilled water).

FORMALIN SomML
957 EToH 250ML
ACITIC ACID 20ML
DIST. H,0 20001
Saf 34
G.OWK. lo, SEPT. 80

\_ y,

Note: ALL CONTAINERS MUST BE LABELED
Includes
1. Kane of mixture, solution, or reagent.
2., Proportion of ingredients.
3. Date of preparation
4, Name or initials of preparer.
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ic acid

See Glacial acetic acid.'g

g alcohol

EtOH (?0%) » W oW e o B EW N R W R o w % W W AW Wm B YR S YTEw LIS B B O ] 99 Parts
Concentratad HEL wevi i dvisnmiiEs S o 1 part

{({If this solution is not strong enough to
destain parasites, then a drop of HCl may
be added to the jar containing specimens to
be destained.)

e s ey Sl s e v e s T e T T e e e o iy g . e et Bk} ey g ke e

{also known as FAA, Carl's, or Kahle's solution)

This solution is an excellent one for general work
since it acts as a good killing and £fixing agent
(narginal for histological purposes) and has the
additional advantage that the specimens pay be allowed
to remain in it for some time without injucy.

Formalin {(corBercial) cesvec-vassamenwnmeana O parts
ELtOH (95%) cemaman CERR R s eeease D100 DRIETS
Glacial acetic acid .isvsssssnssrsesnsrseas U parcts
Distilled WALEr sameceiswvanumsaunancesssna H0 parts
Some workers add the acetic acid Just
before use of this fixative.

s s s v

Any alcohol which can be diluted with water can bhe used
in any of the alcohol series listed ih +this manual,
Host of the so-called radiator alcohols are not miscible
#with water and thus not suitable.

Fully denatured alcohol is also unsatisfactory for
biological work. There are various formulae for
treating EtOH to make it entirely wunfit for internal
consunpt ion. Most of the fully denatured alcohols have
sone substance added which causes the solution to turn
milky when water is added to it.

Alcohol can be obtained as 100% ({absolute) or 95%.
It is diluted with distilled water to get the
concentration needed. It 1is advisable to use 95%
alcohol because it is less expensive.
The mula for dilutiqn is:
alcohnol as many parts as per cent desired;
add distilled water to make a total of 85 parts.
E.g.: To prepare 70% alcohol by diluting 95%,
70 parts of 95% alcohol + 25 parts of
distilled H,0 = 95 parts of 70% alcohol.

for
95%

o}
5
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Alkaline aicohol
Add a few drops of 1% sodium bicarbonate or anmonium
hydroxide to 100ml of 70% alcohol.

Cleariny ageants.

Berlese!s medium (wountant)
Gum arabic {flakeS] "3 3 IR S A IR N FBE S ES ER B RID EANADS Bg
DiSti111@d HALEL ecwwomwsmmwsssvoswmaswavnonsnvwmes JORL
Chloral hYdrate #4803 T ITINSEBSIBIAEEIDPSEILAOSE NSNS M 7”9
(in the U.S., a controlled substance)
GlaELAY HEBEIE ACLE wwwwnees s & vv o & 8 & 55 © o505 ase » mmse S
1« Dissolve qum arabic in water.
2. Add other ingredients and mix well (it
will take several days to dissolve).
3. Filter solution (this will take several
days}.

SALES eovssvessnrssorsanssnsnsaves 1 grain {=65mg)
(bile salts are avallable from the druggist

as 1 grain, chocolate~covered, bile-salts
tablets.)

SalHNE o svmasamcmme » o m o B8 8 EEEE e § AN LA veNEnnnnnne 0Bl
6rind a bile-salts tablet finely in a

mortar and add saline. PFilter after a few

minutes to remove excess chocolate.

Bouin's fluid (fixative)
Picric acid (saturated agueous S0lution} e.eswsssw /301
Formalin (commercial) sasssrasvesssssnsnsacersnnss 2501
Blacial .acet io @etd . cies besddriaansesesesRespeRese D01

puffer (phosphate} solution
This solution can be used with various other soclutions
to make them neutral (e.qg., formalin). v
NaH2PO4‘ﬂH.20 FEEEREEREEESTEE RN - N B I R A BB I B LR B B R B B I 3-319
Na, HPO; ¢7H,0 cccveasusnsennncnnanacccsnanna 33.77g
{(or Na, HPO; «caccsmsmonsunesa 17.884g)
Dissolve in 1 liter of distilled water.



=121

Canpada balsan
Canada balsam is a natural resin which is used as a
mounting medium (mountant). It is conposed of terpenes,
carboxylic acid, and esters.

The ideal mounting medium for stained preparations
should have the same refractive index as the mounted
object. This is about N = 1.54 for fixed and cleared
cell constituentsa. The refractive index of Canada
balsam approaches this value.

Balsam dries slowly and will become acid, fading
the stains and turning them yellow. This handicap can-
be overcome by adding two or three tablets of sodium
bicarbonate to the container. A few drops of cedarwood
0il will reduce the golden c¢olor and keep mounted
specimens from yellowing.

We have observed imn our auseum that after many
years (60) the specimens mouznted in balsam are in nuch
better condition than those mounted in the available
synthetic resins.

Chloretone (acetone chloroforn)
Useful in weak (1%) aqueous solutions for narcotizing
many small aguatic animals. Squirt small guantities
with a pipette every 5 minutes onto the surface of the

water containing specinens.

— SR DX = el

Hydrocanbons {e.q., benzene, toluene, and xylene) are
reagents commonly used for the step between dehydration
and mounting called clearing. puring this step, the
reagents remove (or clear) opacity fron dehydrated
tissues, making them transparent.

Caution: Discard clearing agents that have absorbed

moisture. See that bottles are clean and dry before
adding new clearing agenta.

N

Lok
a

0ld stocks may have gathered a £ilm of water

ote:
t the bottont

€
t

Note: The efficiency of anhydrous CuSO, in keeping
clearing agents 4ry is uncertain.

Benzene presents few hardening problems llke xylene, but

it has a very lo¥ boiling point and evaporates quickly.
Dangerous and flammable!
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does not harden specimens,

#ith a long, thin dropping pipette run a few ml of
cedarwood o0il carefully to the bottom of a small
specimen tube «contaipning the specimen in absolute
alcohol. Specimens float at the interface; gradually
they clear and sink. Pipette off the alcohol. Change
cedarwood oil after a few hours.

Overnight in cedarwood oil is usually regquired to
conpletely replace the alcohol in the tissues. This
method is expensive since it involves the wuse of a
costly oil.

Cregosote (beechwood) can be used in the same vay as
cedarwood oil, It is preferred by many workers because
it does not evaporate during mounting.

darning: Creosote should not come into contact with
the skin, for it burns severely. Should accidents
occur, wash affected parts immediately with liberal
application of 95% EtOH followed by soap and water.

Methyl benzoate is a good clearing agent if whole mounts
are made. In addition, if absolute alcohol nmust be
avoided (some moisture remaining in specimen), methyl
benzoate may be used. It is not completely soluble in
paraffin, and before embedding, one must transfer the

specimen to benzene, xylene, or cedarwood oil.

o ——— — ——

than benzene.

Xylene has the greatest tendency to harden specinens.

Digestive fluid (artificial) _

This fluid is used to expose apd collect parasites which
are embedded in tissue ({e.g., Trichinella in muscle).

Pepsin (fresh POWAEL) sevsnceseersvserssssvevnme g
HEL lcompBrnial] wemmswensn veoess s pannsewemese 1L
Distilled waAter (WALR] csseavsmsnswesnseans=se JOOUNAL
For fish tissue, increase the pepsin to
79 and reduce HClL to 4ml.

Ether
Commercial grade. Very commonly used as killing agent,
but must be handled with extreme caution as the funmes
are highly explosive. No open flame or smoking can be
permnitted in the room, and care should be taken that no
fumes are inhaled.
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This is tne alcohol commonly used in most "laboratories,
often purchased ian denatured forn. Ethyl alcohol
hardens tne specimens and may cause shrinkage.
{For dilution, see Alcophols.)

Formalin
This is the fixative nmost strongly recompended for
all-round routine use, It is best in buffered form (10%

buffered formalin is 10 parts £formalin and 90 parts

buffer)., Use vater instead of buffer if plain (nor
formalin is appropriate.

mal)

The name of this solution often causes confusion.

Commercial formalin is a saturated agueous solution
formaldehyde gas and contains about 40% formaldehyde

wveight, This solution is known as commercial or

of
by
100%

formalin and 1is diluted accordingly to specified

concentrations.

Glacial acetic acid

Concentrated form of acetic acid. It will crystallize

at room temperature, hence the hane. This acid

Wwill

cause cells to svell and is often used to Tstraighten™®

nematodes or 1s combined with fixatives which have

shrinking effects (e.q., formalin to make AFA). It

leaves tissue soft and prevents hardening.
Glutaraldehyde

This is a commonly used fixative for TEN since it does

not bl ock various enzyme functions. Hence,

histochemical localization of enzymes can be perfornmned

on sectioned material.

W omomodd W W WA WS EE W BW R BT RS W AT YRR DY 90 parts

Glycerol TR EETEENE RS IS IR R N B R I R BRI O I 10 parts

(or equal parts of 70% EtOH and glycerol)
ix and store in a "ell-stoppered bottle,

Giygerol elly

This mounting medium has an advantage over other media

because specimens mounted in it need not be stained
dehydrated. Structures can be be observed better
reducing the amount of light coming through
microscope.

Granulated gelatin +evasecsvwanrwcunssnausmensnumwens

Distilled WAter eseecemsmasusans ememrr e e e, s e m

ClYCErOLl cecveensosroncmentnsasnsnmsossnunvasnsnmmn

Phenol (crystalliBe) ceessscrosovsssssevnscsasesrs O
1. Soak the gelatin in the water for an

or
by
t he

8g

52ml
50ml

» 19
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hour or longer, and then dissolve it by
heatiang in a vater bath at a
temperature of 65 to 75°C, but not
higher.

2. Add the glycerol and phenol.

3., Stir the mixture, dnd again heat in the
water bath for 30 minutes.

4, A vide-mouthed Dbottle with a tight-
fitting glass stopper or screw cap is
nost convenient for storing the nediunm.
Store in refrigerator.

5. A short time before the medium is to be
used, immerse the container in a water
bath maintained at about 50°C.

Hoyerls mediunm

o ?-uGum arabic (flakes) .-D..ﬂ.’-.-..‘.ﬂ‘ﬁﬂﬁﬂﬂ'..--._(x

fr= Pl )

===

30g
200qg

Chloral hYdrate tevessnvasasvoor IR A s so s w RNAY
(In the U.S., this is a controlled
substance and the user nust obtain a
license.)
GIVERrOl ey s E s v s s sssssssavaassssaanasay 20nl
Distilled HALer cececnoasmuntvnsensasananssanssanans S0R1
1. Mix 1ingredients at roonrn temperature
(begin with water, then add others in
order). o

2. FElace a drop of the medium on a slide,
put the specimen in the drop, and cover
with a cover glassa.

3. The preparation may be heated gently.
Heating expands the specimen, hastens
clearing, and sets the amounting f£fluid.

Isopropanol 1is an excellent substitute for ethyl
alcohol. Isopropyl alcochol causes less shrinkage and
hardening than ethyl alcohol, and it is free of Internal
Revenue Service restrictions. One disadvantage must be
remembered: Lt cannot be used for staining golutions
since dyes are not soluble in it.

KAAD solution

See DPeterson's sclution.
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Saline for varm~hblooded vertebrates {see Saline
solutions).

Looss's fluid
Used as killing and fixing solutiomn for nematodes; it
vorks better when hot,

EtOH (70%) uuuuuu G Mo W A E W smn T W - e e ws wE - oW o 9 Parts
GlyceEOl AWM W W W T RN W AW W W AME T TR AN R NS RS R 1 Part

——— Sl aSEaD

This solution is often used as teasporary stain for
protozoans. There are various formulae to which this
name has been applied. )

Weilqgertts variation:
Todibe sssassivss s sn cavnissapvsnsssunas 14
Potassium 1i081de sweveccescssssrnucnsssnves 27
DiStilled WALET sesesoesveenvassonrasvssas 100m1
First dissolve the potassium iodide
in the water; then the iodine will
go readily into solution. Store in
a brown bottle away from light,

BEgq white (FLeSh) s sssesssssssnassvssrsassnssnssss oS00l
GLYCELOL wewennensneven susnn snmwesereyensmdsesvsses 200
1. WHhisk the eqg and transfer to a
cylinder. Remove any sus pended
material that floats to the top.
2. Add glycerol and mix vell.
3. Filter through coarse filter paper oOr
cheese cloth (gqauze, several
thicknesses).
4. Add a crystal of thymol as preserva-
tive.

Note: Compercial eqgg albumen can be
purchased ready for use and can be
substituted for the fresh eqgg vhite above.

Hethyl alcohol (wethanol)

This alcohol should be purchased as neutral and acetone-
free,

S am Fr il DS e vl S e e

See Clearing agents.
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Osmium tetroxide (osmic acid)
This fixative is known to provide superior preservation
of cytoplasmic detail. Fhe fumes are haraful to eyes,
respiratory tract, and skin; work should be carried out
under a vent. Solution should be kept in glass-
stoppered bottles and in the refrigerator.

PAP fixative (Zawmboni's)

PAF is a mixture of picric acid and formaldehyde. It is
very stable and not sensitive to light.

Parafornaldehyde .wvenascsacscemnsssaanssnasns 209
picric acid {(double filtered,
saturated AGUEOUS) cewvemmscvmessnenn 150RL
1., Heat to 609C +to change paraform-
aldehyde into formaldehyde.
2. add drops of a 2.52% agueous NaOH
solution to alkalize uptil solution
clears.
3, Filter and allow to cool.
4. Make up to 1000ml with buffer.

Bote: Burrow's PAF 1s phenol-alcohol-formaldehyde and
is not the same as Zamboni's. '

Paraffin
The melting point of paraffin varies. S50ft paraffin
melts in either the 50-529C or 53=559C ranges; hard
paraffin, in the 56-589C or 60-689C ranges.

The choice of paraffin (melting point) depends upon
the thickness at which the tissue is ¢to be sectioned
(soft paraffin for thick sections), or upon the type of
tissue {hard paraffin for hard tissue). For sections of
5-10um, use a paraffin in the 56-58¢ grade.

Kerosene {White) seesssosssssssnsssssssnsasessrs 1 parct
EEOH (055} sussvwseeess o% s 5 § 55 & & o5 & secwows cows 3 pabts
Glacial acetic aCid sssssesssenacenssnsasnasrsss 2 parts
DiOXANE sasseansmanansaceanseanccanmaaansuaasasses | part

If this mixture is used on soft-bodied organisnms,
the amount of kerosene should be reduced, The
dioxane is added only to make the kerosene miscible
and may be omitted. Soft arthropods killed in this
mixture should be transferred to alcohol after U4-6
hours, hard-bodied ones after 12«36 hours.
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PYA fixative (Burrow's polyvianyl alcohol)

This solution furnishes a means of preserving protozoans
{trophozoites and cysts) for subseguent examination and
is particularly useful for shipping specimens to other
laboratories. Fresh specimens orC other materials
suspected of containing protozoans are mixed with PVA.
Inmediately, or months later, permanently stained files
can be prepared from this preserved material.

PYA-fixative solution is made from two components,
(A) modified Schaudinn's fixative and (B) PVA nmixture,
which are prepared separately and later mixed.
(see formulae below.)

A. Modified Schaudinn’s fixative:
Mercuric chiloride CrystalsS seess-essesses #4259
EtOH (95%) -‘.--.'...'."“.Q."-“l.“.- 31¢0ml

Glacial acetic acid 2 & 8 4 % B A AR BE O &R ARSI PEE Sﬁoml

1. Dissolve the mercuric chloride
in the alcohol in a stoppered
flask (50 or 125zl size) by
swirling at intervals.

2. Add the acetic acid, stopper,
and mix by swirling.

3. Set aside until needed.

B. BYA wmixture:
GLYCELOl wesommmavccannmsnessnmunonsassans 1.5zl
?YA pogder$ .I..l.ll’l!l'llllll.)l’ﬂl'..l S'Og
Distilled WALeLr wwvweewneswswsssasnemsune 62.5m1

¥ Not all PVA powders are suitable
for PVA tfixative solution. When
ordering PVA powder, specify
pre~-tested powder for use in PVA
fixative (e.g., BElvanol 7130 <£fronm
E. I. Du Pont de Nemours & CO.}.

1. In a small beaker add the
glycerol to the PVA powder and
mix thoroughly with a glass rod
until all particles appear
coated with the glycerol,
Scrape the mixture into a 125ml
flask.

2, Add the distilled water,
stopper, and leave at roon
temperature for 3 hours to
overnight. Swirl mrixture
occasionally to mix,.

C. Preparation of PVA-fixative solution:
1. Heat a waterbath {or large beaker of water)
to 709 or 759C. Adjust heat to maintain
this temperature range,
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2. Place the loosely stoppered flask containing
the PVA-mixture in the bath for about 190
minutes, swirling fregquently.

3. When the PVA powder appears to bpe mostly
dissolved, pour in the Schaudinn's fixative
solution, restopper, and swirl to mix.

4, Continue to swirl mixture in the bath for 2
to 3 minutes to dissolve the remainder of
the PVA, to allow bubbles to escape, and to
clear the solution.

5. Remove the flask from the water bath and let
cool. Store the PVA-fixative solution in a
screw—cap or glass-stoppered bottle.

BVA lactophenol

Clearing agent for nematodes.

Polyvinyl fixative (see p. 128) sevaewe-. @as needed
Lactic acid (reagent grade) sesssssnevvssvssaas HUHRDL
Phenol crystals (loosSe, ClEALr) weesswvevensees G001
Distilled Uater & 8 % S B T B B RN S E S PRSI RSP ED looml
1« Slowly sift dry PVA into 100mi of
distilled vater to form a
consistency of thin library paste.
2. Sift through fine silk (or double
layer of nylon stocking); agitate
the beaker frequently.
3. Add phenol to lactic acid. Allow
ccystals to dissolve.
4. Pour the mixture into the PVA
solution and let stand overnight.
5. Keep in tiqghtly stoppered bottle.

_————_———

saline for cold-blooded vertebrates. See Saline
solutions.

Ringer's solution
A

Saline solutions
Salines are physiological salt solutions which vary in
composition depending upon the type of vertebrate
involved.

{(kingerts solution)
Sodiumn ChlOTid® ssevsssnssssasaveisnvansss Bs0Q [{
Sodium bicarboNate eeecesevwsvscacaccvccsan=s Co29
Potassium Chloride ssesvossncrrescevnccas 0.2g
Calcium chloride (anhydroOuUS) <eesssss=asa 0«29
DEXtEOSE ansnssesessenvsessvesrcsnssnssnnsson 1-0q
Distilled WALGL ssenssesvensssn seswsasas 100001

Or simply make a 0.7% sodium <chloride

solution for amphibians and reptiles and a

0.6% solution for fish.

AT O
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farm-blooded vertebrates:

{Locke's solution)
SOdium Chloride [ T T N N A L R 9.0g
Sodium DLCATDONALE eemmsswmseaccemavns aa=s D0.2qg
PotaSSium Chloride A B B E I W ES AR SR U IRAN LN O.Qg
Calcium Chloride weeeceassauncsnevsanmenans 0. 39
DXL LCOSE s s stensnssns st srstns s dsBpss s wendssn 2;0g
Distilled HALEE eccsavsessasmvsovsansunas 1000nl

Or simply make a 0.85% sodiunm chloride solution.

Hercuric chloride (saturated, AQUROUS) covassasce 100mlL
ELOH (95%) avesseracasmaenacncnsssnvsmsamsenconann 50ml
Glacial acetic acid

(add just before use) «a<-ve-«- eemmasevenas DL

Sea water (artificial)

e i il - —

salinity=34.330/00

NACL wisesasannas s 5 e E B SR SRR a3 19

HC) eavassnsvemsamaussnsnasnasons e . 0.742g

CACL, ecs+assacacnvsassssmsmmssssonnsssmosmssons 1« 1359
{or CaClQ°6H20 s as s samnrn 2.2u0g)

HQCl, <saacemcaacs T— e am i SRS Eeee  De 1029
{or HgCL,e6H,0 wesacomosne= 10. 89 3q)

NAy S04 weamescsemmcemanmuanss enmmamaanarmsasena . 54.0129
{or Na,S50,°10H,0 caceancnun 9. 100g)

NAHCO, wacanans-san dL 4 Semeee teoecessannanennae 0-197g

HAaBL esnemoccan e N R A R R L i 0-0859
(0r NaBLolH, 0 wacacscenmens 0. 115q}

SECl, scaces o e cmm parars B & Wt wesmpenmndis 3 DY
(oL STCL,26H,0 sevsennnnnns 0. 01849)

HaBOg aseseen- e sesiemecamsemsasseananense 0.0279
Dissolve in distilled water and make up to
1 liter.

Thymol

This chemical is a good antiseptic, stopping bacterial
or fungal growth.

S e e v v ——

See Clearing agents.

{xylol)
e ¢learing agents.

g L -

See PAF.
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- Zinc sulfate selution
znsoq\e?Hzo ﬂ.ll'IQ!QIi.ﬂ'.l!ﬂ!.ll!lﬂlt&dlt..'l... 336g
Distilled Hater -ﬂ-------.ﬂ...O-C.--..----*dﬂ". ‘IOOOml

This solution has a specific gravity of 1.180.
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