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1. I[lepBsIii BapuaHT npotokosna okpacku no I'. [lananukonay (1942-1943 r.r.) [1,2].

REPRINT OF ITEM Q OF THE BIBLIOGRAPHY

A NEW PROCEDURE FOR STAINING VAGINAL SMEARS‘
BY GEORGE N. PAPANICOLAOU
(From Science, 95:438-439, April 24, 1942)

In the course of a study of vaginal smears
conducted in cooperation with Dr. Herbert F.
Traut, of the Department of Gynecology of
Cornell Medical College and of New York
Hospital, for the purpose of diagnosing malig-
nant tumors and other pathological conditions
of the female genital tract,” it was realized
that certain modifications and improvements
in our procedure of staining vaginal smears

found in menstrual and other uterine bleedings
and have a pathognomonic value in the diagnosis
of adenocarcinomas of the fundus® and of other
gynecological conditions. These cells also have
great importance in the evaluation of the
normal menstrual cycle, of sterility, and of es-
trogenic and other endocrine therapy.

After long experimentation it was found
that 2 much greater transparency and an

TABLE I
Stain Stain
EA 36 EA 23
Light green SF National Aniline and Chemi- 0.3 per cent solution in
yellowish cal Co. 95 per cent alcohol 435 ¢cc. 44 cc.
Bismarck Brown National Aniline and Chemi- 0.5 per cent solution in
cal Co. 93 per cent alcohol 10 <. 12 ¢t
Eosin yellowish National Aniline and Chemi- 0.5 per cent solution in
cal Co. 93 per cent alcohol 45 cc, 44 cc.
Acid phosphe-
tungatic Merck 0.200 gm. 0.170 gm.
Lithium carbonate, satursted aqueous solution t drop 1 drop

were necessary. Methods which proved to be
successful in other applications™*® were not
found to be entirely satisfactory in this par-
ticular work because of a common disadvan-
tage. The staining of the cells was too deep to
permit a sharp definition of their outlines in
smears that were relatively thick or contained
much blood. In most cases of carcinomas and
in many other pathological conditions there is
a profuse vaginal discharge frequently mixed
with blood which forms a heavy film on the
slides. In such rich and bloody smears there s
considerable crowding and overlapping of cells
which, when deeply stained, can not be well
differentiated. This applies more particularly
to the small endometrial cells which are often

! From the Department of Anatomy, Cornell University
Medical College, New York, N.Y. Aided by a grant by the
Commonwealth Fund,

% G. N. Papanicolsou and H. F. Traut, Jour. Obst. and
Gyn., 42:191, 1941,

equally good color differentiation of the cells
can be obtained by the use of solutions of stains
in g5 per cent alcohol instead of aqueous solu-
tions. Various alcoholic stains were thus de-
veloped, but here only two will be described
which are now being used more generally in
our laboratory (see Table I).

The 0.5 per cent alcoholic solutions are first
prepared. As the solubility of the stains in 95
per cent alcohol is low, the solutions are heated
at the time of preparation. The solutions are
kept in stock without being filtered. Stains EA
36 or EA 25 should, however, be filtered in
order to eliminate undissolved particles of
stain,

3 G. N. Papanicolaou, Amer. Jour, Anat,, §2:519, 1933.

¢ E. Shorr, Science, 91:321, 19405 ikid,, 91:579, 1940}
ibid., 94:545, 1941,

5 G. N. Papanicolsou, Jowr. Lab, and Clin. Med., 26:
1200, 1941,
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The staining procedure is as follows:

1. Fix smears immediately (before drying)
in equal parts of 95 per cent alcohol and ether
for 5 to 15 minutes.® Rinse in 70 per cent and
50 per cent alcohols and in distilled water.

2. Stain in hematoxylin for § to 10 min-
utes,” Rinse in distilled water. Rinse 3 to 4
times in 0.5 per cent aqueous solution of hydro-
chloric acid. Rinse thoroughly in water. Leave
for one minute in a weak solution of lithium
carbonate (3 drops of a saturated aqueous so-
lution per 100 cc. of water). Rinse thoroughly
in water,

3. Rinse in distilled water, then in 50 per
cent, 70 per cent, 80 per cent, and 95 per
cent alcohols.

4. Stain for one minute in the solution
(OG 6) given below.*

5. Rinse 5 to 10 times in each of two jars
containing g5 per cent alcohol, to remove ex-
cess stain,

6. Stain in EA 36 or EA 25 for 2 minutes.

7. Rinse 5 to 10 times in each of three jars
containing 95 per cent alcohol. (Do not use
the same alcohol which was used after Orange
G.) Rinse in absolute alcohol and xylol.
Mount in Clarite, Canada Balsam, or Gum
Damar.

The advantages offered by this staining
method are the following: (1) The epithelial
cells and the erythrocytes are more transpar-
ent. Overlapping cells can be more easily dif-
ferentiated. (2) The color of the acidophilic

® Although smears may be kept in the fixative indefi-
nitely, a prolonged fixation of a week or more affects the
staining reaction of the cells,

7 Staining for only 2 minutes is often sufficient, but, as
2 rule, better results are obtained with longer staining of §
to 6 minutes for normal smears and of § to 10 for smears
used for diagnostic purposes, more particularly for cancer
diagnosis. For sections, even longer staining is advised,
“This timing applies more specifically to Harris Hematoxy-
lin prepared with domestic h ylin and ammonium
alum, which is now used in our laboratory. In order to ob-
tain more uniform staining, used hematoxylin should not
be discarded, but filtered from time to time. The loss from
filtering and evaporation is gradually replaced by the addi-
tion of fresh stain.

cells varies from red to orange. This helps in
the identification of certain smear types. Baso-
philic cells stain green or blue~-green. (3) Cells
or fragments of tissue penetrated by blood take
a characteristic orange or orange-green color
which permits an easier recognition of small
amounts of blood, even when erythrocytes are
not distinctly seen. (4) Smears which were
subjected to partial or even complete drying
can be stained fairly satisfactorily. The differ~
ential coloring is not entirely lost.

Stains EA 36 or EA 25 can be used for
short staining by those who want to make an
immediate examination of a slide. No fixative
needs to be used. The slides are dipped directly
in the staining solution or covered by stain con-
tained in a dropping-bottle. The smears are
thus fixed and stained simultaneously within a
few minutes, although they may be kept in the
stain for a longer time without being over-
stained. The excess stain is washed off in g5
per cent alcohol and then the slides are carried
through absolute alcohol and xylol and mounted
in Clarite. The nuclei are stained faintly, but
the cells show good differential staining and
retain their transparency. Smears stained by
this simple method can be restained by a repe-
tition of the procedure described in this paper,
including hematoxylin. This will improve the
nuclear staining as well as the cellular differ-
entiation and will permit the use of the same
smears for a more detailed cytological study.

* The addition of phosphotungstic acid to the Orange G
solution intensifies the orange color. For normal slides a
slight acidification of 0.010 gm. per 100 . (OG 8) or
0,015 gm. per 100 cc. (OG 6) is suggested. For cancer
diagnosin a higher acidification of 0.025 gm. per 100 cc.
(OG 5) is often preferable, as it gives a sharper contrast
of the abnormal cell types.

Orange G National 0.5 per cent
Aniline and solution in
Chemical Co. g5 per cent
alcohol 100 cc.
Acid phospho-
tungstic Merck 0.015 gm.
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2. «MeMopaHIyM O OKpacKey - BAPUAHT METOAMKHU, OMyOTMKOBaHHBIH B [3]

MEMORANDUM ON STAINING

Since the publication of the first part of the ATLAS in 1954, the OG-6-EA
method used in our laboratary for staining smear preparations has remained
essentially the same, except for a few modifications related chiefly to the
preparation of the stains and the timing of the staining procedures. A description
of our current method of staining is given here to provide readers with up-to-date
information.

I. PREPARATION OF STAINS
1. Harris hematoxylin

Hematoxylin X 5 gm.,
Ammonium aluminum sulphate 100 gm.
Ethyl alcohol 50 cc.
Distilled water 1000 cc.
Mercuric oxide 2.5 gm,

Dissolve hematoxylin in alcohol. Add ammonium aluminum sulphate to water in
a Pyrex beaker and heat to boiling point. Add hematoxylin solution and bring

to a full boil once more. Remove from flame and add mercuric oxide at once.
Swirl quickly until a black-purple color appears, a matter of seconds. Plunge
beaker into cold water to cool rapidly. When cold, filter into a dark bottle, This
is a stock Harris hematoxylin, to be aged not less than two weeks before using.

"To prepare hematoxylin for staining add 4 cc. of glacial acetic acid per 100 cc.
of stock Harris hematoxylin. '

2. 0G-6
First prepare a 10% aqueous stock solution of Orange G, using distilled water,

The OG-6 stain is prep;ared as follows:

95% Ethyl alcohol 950 cc.

Orange G - 10% stock solution 50 cc.

Phosphotungstic acid 0.15 gm.
3. EA-65

First prepare 10% aqueous stock solutions of: Light Green S. F. yellowish,
Bismark Brown.and Eosin yellowish (water and alcohol soluble).

Then prepare three alcoholic stock solutions as follows:

A. Light Green S.F, yellowish 0. 05% solution in.95% alcohol
B. Bismark Brown 0.5% solution in 95% alcohol
C. Fosin yellowish 0.5% solution in 95% alcohol
The EA-65 stain is prepared as follows:

Alcoholic stock solution A 180 cc.

Alcoholic stock solution B 40 cc.

Alcoholic stock solution C 180 cc.

Phosphotungstic acid 2.4 gm,

Filter and store in brown bottle.

Note: All dyes used in these preparations are National Aniline and Chemical
Company certified stains.
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II. STAINING PROCEDURE

1. After fixation, transfer slides, without drying, directly into 80% alcohol
and run down through 70% and 50% alcohols to distilled water.

Stain in Harris hematoxylin for exactly 3/4 minute.

3. Rinse 3 times in distilled water, using 3 separate containers. All rinsing
should be very gentle to prevent smears from being washed off slides.

Rinse in 50% alcohol.

Place in a solution of 1, 5% ammonium hydroxide in 70% alcohol for one
minute,

6. Rinse in 70% alcohol and run through 80% and 95% alcohols.
7. Stain in OG-6 for 1 1/4 minutes,

8. Rinse in 3 jars of 95% alcohol.

9. Stain in EA-65 for 3 minutes.

10. Rinse 3 times in 95% alcohol, using 3 separate containers.

11. Dehydrate and clear by running through:
Absolute alcohol
A mixture of equal parts of absolute alcohol and xylol
Xylol

Note: Fast clearing may be achieved by lifting the slide carrier
out of xylol and allowing it to dry for a fraction of a second before
putting it back in xylol,

12, Mount with Permount or other suitable mounting medium.

Qur reasons for preferring this staining procedure are:

1. The total staining time is reduced to 12-15 minutes.

2. The relatively light staining of the cytoplasm permits a good trans-
parency of the smears without impairing either the color differentiation
of the various cell types or the sharp definition of the structural details
of the nuclei.

3. Equally satisfactory results are obtained in all types of smears.

A technique for protecting smears from drying during shipping is described
on pages 5 and 6 of the ATLAS., This method consists in dipping the freshly
prepared smear into, or covering it with, a solution of 2 parts Diaphane to 3
parts of alcohol-ether, Its routine use in our laboratory during the past three
yvears has shown it to be a very satisfactory and practicable procedure for all
types of smears. A detailed description of this simple technique, which
provides both a protective film for and a good fixation of the cells, can be
found in the Journal of the American Medical Association, July 20, 1957,

G.N. Papanicolaou, M, D,

Puc.4. Komus BTOpoii cTpaHuIsl BcTaBKH (Mexay crpanunaMu 12 u 13) kauru [3]



3. [lepeBox (mpuBenéH MepeBO TOIHKO MPOTOKOIOB OKPACKH ).

Ta6muma 1

1942-1943

1960-1963

[Tpoueaypa OKpacKy 3aKJIFOUAETCs B CIEAYIOIIEM:

1. ®ukcupyiite Ma3Ku HEMEJICHHO (710 UX
BBICHIXAHUSI) B PaBHBIX YacTsaxX 95 % ankoroiis u apupa
B TeueHue ot 5 10 15 munyt. Ononocuure B 70 % u B
50 % criupTax ¥ B AMCTWTUPOBAHHOM BOJIE.

2. OkpammBaiiTe B reMaTOKCUINHE OT 5 10 10 MUHYT.
OI0JI0OCHUTE B IUCTUIUTUPOBAHHOM Bojie. OTIOIOCHUTE
oT 3 10 4 pa3 B 0,5 % BogHOM pacTBOpE COISTHOMN
KH1CIO0ThI. TiareabHO poMoiite B Boge. OcTaBbTe Ha
MUHYTY B ClIabOM pacTBope kapOoHarta autus (3 Kariu
HACBILIEHHOI0 BOAHOTO pactBopa Ha 100 cM3 BojibI).
TiiarenbHO TPOMOITE B BOJIE.

3. OnosiocHUTE B TUCTHUIMPOBAHHOM BOJIE, 3aTEM B
50%, 70%, 80% u 95% cnupre.

4. OkparmuBaiite 10 1 MunyTHI B pactBope (OG 6),
[IPUBEICHHOM HUXKE.

5. Ononocuure ot 5 10 10 pa3 B KaKI0M U3 IBYX
COCyZ0B, cofepkaux 95% cnupt, 11 yaaneHus
M30BITOYHON KPacKHu.

6. OxpamuBaiite B EA 36 unu B EA 25 1o 2 MuHyT.

7. OnonocHure ot 5 10 10 pa3 B kaxka0M U3 TPEX
cocy10B, conepxkamux 95% cnupt. (He ucnons3yiite
TOT K€ CIUPT, KOTOPBI ObLT HCTIONB30BaH MOCTIE
OpamxeBoro G). OnosocHUTE B aOCOTIOTHOM CITUPTE
u kcuioie. 3akmouute B Clarite, Kanaackuii 0anb3am,
vnu [lamaprak.

I1. IIpouenypa oxpacku

1. [Tocne pukcanuu nepeMecTuTe
CJai/ibl, HE IOMyCKasl BHICHIXaHMUS,
npsiMo B 80%-HbII COUPT U IPOBEAUTE
uepe3 70% u 50% crnupThl B
TUCTUIUTMPOBAHHYIO BOTY.

2. OKkpachTe reMaTOKCHJIMHOM I10
["appucy TOYHO B TeueHHE 3/4 MUHYTEHI.

3. [Ipomoiite 3 paza B
TCTUIUTMPOBAHHON BOJE C
HCIIOJIL30BAHUEM 3 OTIEIbHBIX BaHH.
Bce onoracKkuBaHUs T0KHEI OBITh
OYCHb HE)KHBIMU, JJIS MPEAOTBPALICHUS
CMBIBAaHHMS Ma3Ka CO claiaa.

4. Ononocuute B 50%-HOM criupTe.
S. [Tomectute B pactBop 1,5%
ruapokcuaa ammonust B 70% crnupTe Ha

OJIHY MUHYTY.

6. Ononocuure B 70% cniupre n
rposenute uepe3 80% u 95% cnuprsl.

7. OxpacbTe B OG-6 B TeUeHHUE OAHOU
MUHYTHI C Y4ETBEPTHIO.

8. IIpomoiite B 3 BaHHax ¢ 95%
CIIUPTOM.

9. Okpacpte B EA-65 TeueHne 3 MUHyT.

10. ITpomoiite 3 pa3a B 95%-HoM
CITUPTEC, UCITIOJIb3YA 3 OTACJIBbHBIX BaAHHBI.

11. dernnpaTtupyire U NpOCBETINTE
[Ipenapar, IpoBes €ro 4epes:

A0COJTIOTHBIM CIIMPT, CMCChb 13 PaBHBIX




qacTeil abCOMIOTHOTO CIIUPTa M KCHUJIOJIA,
KCHJIOJN.

[Tpumeuanue: OBICTPOE MPOCBETICHUE
MOYET OBITh IOCTUTHYTO ITyTEM
BEIHMMAHUS IIITATUBA CO CTEKIIAMHU U3
KCHJIOJIA Ha JTOJM CEKYHJIbI JUIs
CTCKAaHUSA ) XUIAKOCTH U ITIOBTOPHOT'O
OITyCKaHHS B KCUJIOJL.

12. 3akitounTe npemnapar npy noMoIu
Permount unu apyroi noaxoasien
MOHTaKHOU CpEJbl.

4. KommeHTapuu

1. Meroauka BriepBbie onmyOiaukoBaHa B cratbe ['eopruca [lananukonay [1]. [Iponuce
noBTopeHa B 1943 rony B MoHorpadguu [2]. B nmpuBeneHHOM BbIIIEe IPOTOKOJIE TPUMEHEHA
perpeccuBHasl OKpacka B reMaToKcuianHe, npuuéMm . [lananukonay He ykasplBaeT, Kakon
r€MaTOKCUJIUH UCIOJIb3YETCSl.

2. Bapuant meroauku «Memorandum on staining» (MemopaHayM Mo OKpaluBaHUIO)
OImyOJIMKOBAH Ha BKJIaaKe Mexay 12 u 13 crpanunamu B HauboJsiee 3Ha4MMON MOHOrpaduu
[Tananukonay «Atnac skchoauaTuBHOM LuToaorum» [3]. B npuBeneHHOM NpOTOKOJIE
IIPUMEHEHA IIPOrPECCUBHAs OKpacKa B FeMATOKCWIMHE, IEHCTBUTENBHO, I'. [lananukonay
YKa3bIBa€T, YTO UCIONIb3YyEeTCs FeMaTOKCHIIUH 1o ["appucy ¢ 1006aBKOIM YKCYCHOM KHCIIOTHI,
BpEMs BBIJIEP’KKH B FeMaTOKCUIIMHE — BCErO TPU YETBEPTU MUHYTHI, TU(PEepeHIINPOBaHNE B
KHCJIOTE HE TIPUMEHSETCS.

3. IlpenmymectBom okpacku I'. [lanmanukonay cuntaeT npo3pavyHOCTb Ma3Ka, P CPAaBHUTEIBHO
cnaboif oKkpacke IUTOIIa3Mbl, HET yuiepoa nuddepeHuaniy pa3anuHbIX KJIETOK 110 I[BETY
LUTOIJIa3MbI U Pa3pellIEHUI0 TOHKOW CTPYKTYpHI siiep. CornacHo [7] BbIpaBHUBaHUE OKPACKU
LUTOIJIa3MbI (2 COOTBETCTBEHHO, M BO3MOYKHOCTD «JIu(pepeHay pa3inuHbIX KJIETOK 110
[[BETY») MPOUCXOUT 3a JOBOJILHO JUIUTENbHOE BpeMs — 6-10 MUH, 4TO 3HAYMTEIHHO OOJIBLIE,
yeMm B nponucsx I'. [lananukonay. Takum oOpazom, I'. [lananukonay BeiOpas KOMIPOMUCCHBIN
BapHaHT METOJUKH C BBICOKON IIPO3PaYHOCTBIO, HO C HEJOCTATOUYHBIM OKpAIlIMBaHUEM U
BbIPaBHUBAHUEM OKPACKH IIUTOIUIa3Mbl KJIETOK.

4. B npumeuanuu (Hu3 npasoro croidua Tabmuusr 1), I'. [lananukonay npennaraer ais
YCKOpEHUs Ipolecca MPUMEHUTh PUEM OKYHAHUE, ITUPOKO UCTIONb3YIOMIUNCA B METOIUKAX B
HACTOSLIEE BpEMSI.

5. Jlo ucnonbp30BaHus NPUBEIEHHBIX 37€Ch METOAUK [lanmannkonay NCIoab30Bail OKpacKy
reMaTOKCHJIMH — 303UH ¢ JOKpackoi kpacuteseM Boaublii cunuit u okpacky mo [oppy [4-6]
(Monu¢puKkanus Tpuxpoma 1o Maccony), ¢ KOTopsIM paboTan B KopHenbckoMm yHUBEpCHUTETE.
OTH METOJUKHU U SIBUIKCH OCHOBOM JJIsl pa3paboTku okpacku no [lananukonay.

6. B peunentype kpacok, npuBefeHHbIxX ['. [Tananukomnay, cornacHo [7], IpUCYyTCTBYIOT OIIUOKHU:

- CIIMIIIKOM OOJIBIIIOE COACPIKAHUC KPACUTCIIA B 0G6 MPUBOJUT K BBIMIAACHUIO OCaOKa,



- B kpackax EA kpacutens bucmapk bpayn pearupyet ¢ ¢pocdopHO-BOIBGPaAMOBOMA KUCIOTOMH,
YTO TaK K€ MPUBOJIUT K BBIMACHUIO 0caaka. B OOJIBIIMHCTBE COBPEMEHHBIX KPAaCOK peIenTypa
CKOPPEKTHPOBAHA.
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