JKypuan anamomuu u cucmonamonoeuu. 2025. T. 14, Nel. C. 95-106 O Journal of Anatomy and Histopathology. 2025;14(1):95-106

HayuHas craTbsa
YK 611-612 O
doi:10.18499/2225-7357-2025-14-1-95-106

The rediscovered unknown “small Ruijsch collection”
of dry and wet anatomical specimens

I. A. Goriachevat 5, I. F. Hendriks?, F. Boers, D. A. Zhuravlev4, I. V. Gaivoronskiit 5™

1S.M. Kirov Military Medical Academy, St. Petersburg, Russia
2L eiden University, Leiden, The Netherlands

3Leiden University Medical Center, Leiden, The Netherlands
4S.M. Kirov Military Medical Museum, Saint Petersburg, Russia
5Saint Petersburg State University, St. Petersburg, Russia

Abstract. Peter the Great (1672—1725) — the Russian emperor travelled through Europe during the so-
called “Great Embassies” to acquire knowledge in the field of science and industrial production. In Amsterdam
(Netherlands), he received as a gift from Frederik Ruijsch samples of dried and wet anatomical specimens, con-
sisting of objects of both natural history and human origin, and currently called the “small collection”. The ana-
tomical part of the collection consisted of 11 dry and 13 wet specimens, parts of the human body. The authors re-
discovered this collection in 2016 among the exhibits of the fundamental museum of the department of normal
anatomy of the Military Medical Academy (St. Petersburg, Russia). In the article we describe the current state of
this historical collection, which played an important role in the acquisition of a more extensive collection by Peter
the Great from Ruysch for the Kunstkamera (Museum of Anthropology and Ethnography of Peter the Great in St.
Petersburg). The Kunstkamera collection is open to the general public, and as a result is well known through pub-
lications in literature. On the contrary, the so-called “small collection” was, from the moment of its arrival in Rus-
sia in 1698, in the personal possession of Peter the Great. He later divided his small collection for educational
purposes between the Aptekerskii Prikaz and the medical school of Nicolaas Bidloo. Around 1800, both parts of
the small collection were reunited and transferred to the Medical-Surgical Academy. Today, this collection still
serves educational purposes, but is not widely available to the general public. As a result, it remains virtually un-
known.
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Annomayus. Iletp Benukuii (1672—1725) — POCCHHCKUN MMIIEpaToOp IyTellecTBOBAN 1o EBpome BO
BpeM: TaK Ha3bIBAEMBIX « BeJIMKHX IIOCOJIBCTB» C IIEJIbI0 MPHOOpETeHNA 3HAHWH B 00JIACTH HAYKW M ITPOMBIII-
JIEHHOTO Mpou3BozicTBa. B Amcrepname (Huzpepsauapl) oH mosydus B aap ot ®penepuka Profima o6pasibl BbI-
CYIIE€HHBIX 1 BJIAXKHBIX aHATOMUYECKHUX ITPEIapaToB, COCTOAIIMNX U3 IIPEIMETOB KaK €CTECTBEHHO-UCTOPUYECKOTO,
TaK U YeJIOBEUECKOrO IIPOUCXOKEHUSA, U B HACTOAIEE BPeEMA UMEHYEMbIX «MaJION KOJUIEKIHEN». AHaTOMMUe-
CKas YacTh KOJUIEKIIMH COCTOSIIA U3 11 CYXUX U 13 BJIAXKHBIX IIPENapaToB, YacTel Tesa dyeoBeka. OHa ObLIa Hc-
cjleJloBaHa aBTOpPaMU B 2016 TOMy cpeid HSKCIOHATOB (pyHAAMeHTaIbHOrO My3es Kadeapbl HOpMaIbHON aHATo-
muH BoeHHO-MenunuHckon akayemun (CaHkr-IlerepOypr, Poccusi). B cTaThbe MbI OMHCHIBAEM COBPEMEHHOE CO-
CTOSTHHE HTOH MCTOPUYECKOH KOJIIEKIINH, KOTOpas ChIrpasia BAJKHYIO POJIb B Tpuobperennu Iletpom Benukum y
Proiimia 6osee o6mIMpHON KosuiekIwu 111 Kynerkameps! (Myseil anTponosioruu u stHorpaduu Ilerpa Besmkoro
B Cankr-Ilerepbypre). Kosteknusa KyHcTkaMeps! OTKPBITA JUIA OCENEH S IIUPOKOH IyOJINKOH, U B Pe3yJIbTaTe
XOPOIIIO U3BECTHA I10 MyOJIMKALUAM B JIUTeparype. HanpoTHB, Tak Ha3pIBaeMas «Majiasi KOJUIEKIIHs» HaXOIUIach
¢ MOMEHTa CBOero mpuoObITHA B Poccuio B 1698 T. B JMUHOM Biasienuu Ilerpa Besmkoro. ITo3:ke OH pas/ieaut

©Goriacheva I.A., Hendriks LF., Boer F., Zhuravlev D.A., Gaivoronskii L.V., 2025

95



JKypuan anamomuu u cucmonamonoeuu. 2025. T. 14, Nel. C. 95-106 O Journal of Anatomy and Histopathology. 2025;14(1):95-106

CBOIO HEOOJIBIIYIO KOJUIEKITHIO B 00Pa30BaTEIbHBIX IEJIAX MEXAY ANTEKapCKUM IPUKA30M U METUITUHCKOH KO-
soit Huxomaaca Busioo. Okosio 1800 rosa 06e 4acTh MaJIOd KOJUIEKITUU ObLIM BOCCOE/TUHEHBI U TEPe/IaHbl B
Meanxo—xnpyprnqeacy}o aKaJIEMHUI0. CeI‘OILHH JJaHHasA KOJUIEKOUA, IO-IIPEXHEMY, CIIYKUT o6pa3013aTem>H1>1M
1eJIIM, HO MaJIO JIOCTYIIHA JIJIsI mnpoxof/i ny6111/11<1/1. B cBA3M ¢ 5TUM OHa OcTaeTcs NpaKTUIeCKU HEN3BECTHOM.
Knaroueevle croea: aHatoMus; UCTopus; Menununa; [letp Benukuit; Proiim; Hunmepianapl; Poccus

(mo19171.)
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Introduction

Peter the Great, Emperor of Russia (1672—
1725), travelled during the so-called Great Em-
bassies to Europe to acquire scientific and indus-
trial knowledge that he could apply in Russia for
the further development of his country. On his
first Great Embassy (1697—1698), he visited Am-
sterdam, Delft and Leiden in the Netherlands. In
Leiden, he met with Govert Bidloo, Rector Mag-
nificus of Leiden University at that time, to re-
ceive the Bylaws of the University that could in-
form him on how a university is organised [13, 14,
15]. Peter was interested in as Russia did not have
a university at that time. In Amsterdam, he met
Frederik Ruijsch (1638-1731), the famous
anatomist and developer of an extensive collec-
tion of natural-historical and human-origin
specimens [17, 24]. Peter showed great interest in
the collection, frequently visited Ruijsch's mu-
seum, attended anatomy lectures in the anatomi-
cal theatre in Amsterdam, and participated in
post-mortems [12, 20]. To express his gratitude
to his teacher, Peter presented Ruijsch with a gift
of sobole furs. Peter in return, obtained a small
collection of specimens from Ruijsch, consisting
of both natural-historical and human origin,
dried and wet, fluid-conserved pieces (Fig. 1).

During the second Embassy in 1717, Peter
acquired nearly the entire collection of Ruijsch,
for which he paid the formidable sum of 30.000
Dutch Guilders. He shipped the collection to
Saint Petersburg, intended to serve as educa-
tional material. It became a possession of the
Academy of Science, and the collection is pres-
ently part of the collection of the Kunstkamera
(Peter the Great Museum of Anthropology and
Ethnography) in Saint Petersburg. Others exten-
sively describe this collection and its importance
[1,2,4].

Documentation of the origins and the
journey of the dry and wet collection

Our article focuses on the gift from Ruijsch
to Tsar Peter the Great, made in 1697-1698. It
contains a set of 24 wet and dry specimens of
mostly human origin, further referred to as the
“Small Collection”. This collection was part of
Peter’s private collection, kept initially in the Ap-
tekarskii Prikaz in Moscow. In 1707 the Aptekar-
skii Prikaz was renamed to Aptekarskaya Kant-
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selyarya. In the year 1707, the dry part of the col-
lections was transferred from Aptekarskaya
Kantselyarya in Moscow to the “Bidloo School” in
Moscow. In 1712 the wet part of the collection
was transferred with the Aptekarskaya Kant-
selyarya to Saint Petersburg, the new capital. The
collection appeared in the inventory of 1762 of
Meditsinskaya Kantselyariya [12]. In 1763, the
wet specimens became part of the Cabinet of the
Medistinskaya Kollegiya (former Aptekarskaya
Kantselyarya, located next to the Hospital School
of the General Second Landforce Hospital in
Saint Petersburg (now the territory of the Mili-
tary Medical Academy named SM Kirov). In 1798,
Emperor Paul I closed the Imperial Medico-
Surgical Academy (follow up of the Bidloo school)
in Moscow. Its belongings, including the dry
specimens of Ruijsch, were transferred to the
Imperial Medico-Surgical Academy in
St.Petersburg. This Academy in Saint Petersburg
also received the wet collection from the Medis-
tinskaya Kollegiya to create an anatomical cabi-
net [32, 33].

The historical journey of the small collec-
tion is extensively described earlier [12, 13, 14, 15,
351.

After establishing the Imperial Medico-
Surgical Academy in 1798, the collection was first
transferred to the Department of Physiological
Anatomy of the Academy, prof. P.A. Zagorsky,
head of the department, appreciated the Ruijsch
collection very much. He corrected the anatomi-
cal names and recorded the specimens. He fo-
cused on accounting for the specimens in the in-
ventory of the fundamental museum of the De-
partment of Regular Anatomy of the Imperial
Medico-Surgical Academy. Tables 1 and 2 are
partly copies of Prof. Zagorsky's catalogue, sup-
plemented with our findings while conserving the
wet specimens (Table 1).

Other Academy professors who wrote
about the collection are A.L Tarenetsky [32],
M.A. Tikotin [33], and V.V. Ginzburg [9, 10]. For
some specimens, however, labels were not pre-
served. Therefore, to prove the identity as belong-
ing to the “small collection”, we compared the
available preparations of the museum with draw-
ings in the catalogues of Ruijsch. Ruijsch pub-
lished detailed descriptions of his home museum
in Amsterdam through separate issues, "Cata-
logus Rariorum 1691 and Thesaurus Anatomicus



JKypnan anamomuu u eucmonamonoeuu. 2025. T. 14, Nel. C. 95-106 O Journal of Anatomy and Histopathology. 2025,14(1):95-106

P

-. } i, w '-h L ;,- :
L. .al -h:— ; B =3 -

g p‘ g

Fig. 1. Wet and dry preparations from the Frederik Ruysch collection. This small collection was privately owned
by Tsar Peter the Great and is housed in the museum of the Anatomy Department of the Military Medical Acad-
emy, Saint Petersburg. Photographer R.I. Tamchenko. © Military Medical Academy, Saint Petersburg, 2020.
Published with permission.

Puc. 1. BaasxcHbte u cyxue npenapamst u3 koarexkyuu ®pedepuxa Proiiwa. Ima Heboavwas xoanrexkyus 6vLia
yacmuoil cobecmeenHocmvio yaps Ilempa Beaukozo u Haxodumces e mysee kagedpvt anamomuu Boeno-
MmeduyuHckou akademuu, Cankm-ITemepbype. ®omoepag P.H. Tamuenko. © BoeHHo-MmeduyuHCcKkaa axademus,
Canxm-ITemepbype , 2020. Onyb6AUKO8AHO € Pa3pelLeHUs.

Table 1 / Tabauya 1
Overview of the dry human specimen of the small Ruysch collection
00630p cyxux yeJI0BEeYE€CKUX MPernapaToB U3 MaJIOH Ko/UTeKInu Proma

Nr. Catalogue
Military Medical Acad- Tag number specimen Description
emy
233 253 Hand
230 250 Small skull
430 462 Dancing and grinning little boy
432 464 Small dancing monkey
406 Specimen without arms and legs;
Situs Inversus Totalis
76 88 Adult Aorta
57 67 Adult heart
60 70 Adult heart
61 71 Adult heart
64 74 Adult heart
65 75 Adult heart
68 78 Adult heart
153 Adult heart
718 806 Adult heart. Situs Inversus.

© Authors produced this table, 2021

Primus — Magnus & Regius (Decimus)". In the
military medical academy library, S.M. Kirov's
work “Opera Thesauri Ruysch” is stored. These
are intertwined catalogues presenting eleven is-
sues, published between 1691 and 1731. Each
catalogue has a number and a title, where is indi-
cated which preparations it contains; then follows
their enumeration and a brief description. At the
end of each catalogue are written tables contain-
ing the most interesting anatomical specimens,
with letter designations and a detailed explana-
tion of the structure in the text. Table III of the
fourth catalogue of Ruijsch, published in 1724,
presents two images of an adult's heart with large
vessels (Fig. 2).

Below it is written: “ad vitum sculp sit”, i.e.
“made of a living one”. The inscription accompa-
nies drawings of the heart: “Exhibet cor hu-
manum cerarea materia rubra in totum repletum,
et verus reptetus vasorum, vera cordis et auris

kularum figura videri possint”, i.e. “shows the
human heart, filled with a red wax mass so that
the true course of the vessels and the true forms
of the heart and ears can be seen”.

The small collection consisted of 11 dry and
13 fluid-preserved specimens. The dry specimens
were all in excellent condition. The fluid-
preserved specimens required further preserva-
tion, and the Department of Anatomy of the Lei-
den University Medical Center executed the pres-
ervation with the necessary expertise.

We describe the macroscopy of specimens,
the findings during the conservation of the
specimens and a detailed study of the composi-
tion of the coloured wax present in both the dry
and wet preparations that Ruijsch used for con-
servation and cosmetic purposes.

The research aims to add to the historiog-
raphy of anatomical collections used for medical
education in the eighteenth  century.
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Fig. 2. Specimen of the dry collection with tag nr. 75 is
a dried heart, Photographer R.I. Tamchenko. ©Mili-
tary Medical Academy, Saint Petersburg, 2020. Pub-
lished with permission. This specimen matches with
Ruijsch’s drawing in “Thesaurus Anatomicus Quartus
cum figiris aeneis”, Amstelodami, apud Janssonio-
Waesbergios MDCCXXIV” (1720). In public domain.
Puc. 2. Cyxoil npenapam cepdua, memxa N?975.
®omoepad P.H. Tamuenrko. ©BoeHHO-MeduyuHcKasn
akademus, 2020. OnybAUKOBAHO C pA3peULeHUS.
dmom obpasey coomeemcmeyem pucyHky Protiwa 6
“Thesaurus Anatomicus Quartus cum figiris aeneis”,
Amcmepdam, onybauxosaro Janssonio-Waesbergios
MDCCXXIV, (1720). B obujem docmyne.

Methods

Conservation of the fluid-preserved
preparations. Conservation of the specimens was
performed at the Department of Anatomy of the
Military Medical Academy in Saint Petersburg.
Thirteen specimens were treated in a single week
in October 2019. The methods of the fluid-
preserved conservation were extensively dis-
cussed by Van Dam [35].

Analysis of the injected mass. Injected
mass samples were taken for analysis from the
dry and wet specimens. The samples taken were
subjected to X-ray diffraction analysis using a
Dron-3 diffractometer at a 30—40 kV voltage and
a current strength of 20—30 mA. The decoding of
the obtained results was carried out on a com-
puter.

Results

The conservator (MT) of the anatomical
department museum of the Military Medical
Academy was confident that 8 of the 12 dry
specimens and 9 of the 13 wet specimens be-
longed to the small Ruijsch collection, based on
the documentation in the catalogues. The re-
maining 8 were attributed to Ruijsch, but the re-
cordings were poorly documented. Supportive to
this assumption that Ruijsch was the author of
the specimens are the techniques used for the
preparation, such as using iron wires as ligatures
of the blood vessels to prevent loss of preserva-
tion fluids. The colouration used for the blood
vessels with the deep red dye mercury sulphide is
typical for the period. In some of the wet prepara-
tions, lace was used. This method is comparable
to that used in some preparations in the
Kunstkamera. The material is typical for the 17th
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century. We could not apply other techniques to
determine the specimen's age. Almost all speci-
mens were of human origin, based on the old
catalogues belonging to the Military Medical
Academy.

Among the preparations of Ruijsch’s work
are exotic animals and a monkey. By mistake, it
has been assumed that the specimen with tag nr.
196 was the hand/foot of a young monkey. This
assumption appears not to be true. After a careful
and close look in the catalogues, it turned out to
be an injected child's hand with an underdevel-
oped thumb and abnormal hair growth on the
forearm. Additionally, a dry mummified skeleton
of a tiny monkey has been identified as a Ruijsch
specimen (tag nr. 464).

The small child’s hand and all other speci-
mens were foetal or neonatal. This is perhaps be-
cause Ruijsch, as professor of anatomy to the
Guild of Surgeons of Amsterdam and as chief in-
structor of midwives, had insisted that all de-
ceased neonates would be brought to him for fur-
ther research [7, 19, 27, 28]. As such, the Ruijsch
collection formed a milestone in knowledge about
teratology and obstetrics [3, 16]. Teratology is
also well represented in other historical collec-
tions, such as the collection of Leiden University.

Macroscopic description of dry and wet
specimen

An overview of the dry specimen is given in
Table 1. We will mark the number on the speci-
mens (table 1, column 2). The overall quality of
the dry specimens was excellent. Specimen tag
nr. 464 is a skeleton of a monkey on natural
ligaments with prepared muscles, limbs and ar-
teries injected with a red mass. The veins and the
right half of the heart are filled with an orange
mass. A part of the skull is cut away on the right
side. The front limb on the left is bent at the el-
bow joint and lifted; the lower jaw is slightly low-
ered. All this gives the skeleton of the monkey a
characteristic dynamism to the preparations of
Ruijsch. In a similar vein, specimen tag nr is ex-
hibited. 462 a preparation of a small dancing boy
who seems to be grinning. It is unsure if this was
intentional or an artefact of the conservatory pro-
cedure. Specimen tag nr. 406 is a preparation
with arms and legs removed, and the body's inte-
rior is shown. This preparation demonstrates a
situs inversus totalis. The dry collection has a
significant number of conserved hearts. Notable
is specimen tag nr-806, which exhibits a situs
inversus (Fig. 3).

An overview of the wet preparations and
the conservation findings is given in Table 2. Un-
doubtedly, one of the most demonstrative prepa-
rations of Ruijsch is the alcohol preparation of a
child's hand in its first years of life specimen tag
nr. 198. The skin of the hand and the forearm are
of natural pink colour. Soft tissues retain their
bright pink colour on the horizontal cutting edge
in the lower third of the shoulder. Individual
muscle fibres, connective tissue layers, and
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The dry collechion bas & siguficant
remonved and the interior of r eats, Notable
the hods is showm. This - 806

Tiventory or. 406, & dry
speciinen with anns and legs

15 speci: Y T
which exhibits 2 silus mversus

Backside

Fig. 3. Specimens from the dry collection with tag nr.
406 and 806 demonstrate a situs inversus totalis.
Photographer R.I. Tamchenko. ©Military Medical
Academy, Saint Petersburg, 2020. Published with
permission.

Puc. 3. Cyxoil npenapam situs inversus totalis c
memxamu N2 406 u 806. ®omoepag P.H. TamueHko.
©BoeHHO-MeduyUHCKAs axademus, Camnxm-
Ilemepbype, 2020. I[Iybauxyemcs ¢ pa3pewieHus.

shoulder vessels filled with a red-orange injection
mass are well distinguished. The humerus on the
cutting edge is brown. Inside the cerebral canal is
a loose mass of reddish colour. The cutting edge
and forearm area are decorated with a sleeve of
thin white cambric and three rows of lace. The
hand of the child is directed downwards. The fin-
gers are naturally bent, and as with the most in-
jected preparations of the fingers and the toes in
the Ruijsch collection, the nails were removed,
and the nail beds were pink.

The injected preparations of the hands and
feet of the newborn have preserved their natural
appearance. The skin of the foot (tag nr. 192) is
juicy pink. The capillaries filled with injected
mass are visible in the nail bed area. A white, thin
veteran cuff surrounds the sliced section at the
lower third part of the tibia. Through the tissue,
the skin and muscles appear at the level of the
cut.

Similarly, the hand of the newborn (tag nr.
202) looks natural. The small hand is turned
down, the fingers of the child's hand are half-
bent, and the wrinkles can be seen in the area of
the wrist joint, characteristic of the hand of the
newborn. Skin colour, position and formulation
of the preparations all give them a living, natural
appearance and give the impression of softness
and swelling of the tissues of the paediatric hand
and leg. However, these wholly injected anatomi-
cal preparations are very heavy and have a sculp-
tural density.

Another group of alcohol preparations of
Ruijsch are parts of the injected hands of a foetus
without lace decorations. Their skin also retains a
natural pink colour. Looking through a magnify-
ing glass to the transverse cutting edge, all the
tissues, the cartilage, muscle strings, interlayers
of the connective tissue, blood vessels of muscles,
and periosteum are discernible.

The preparation of the baby's head (tag nr.
255) in its first months of life is of great interest.
The skin of the forehead, nose, cheeks, and chin

are bright pink, and dark hair is well preserved
on the head. The eyes and mouth are slightly ajar.
The preparation is performed in the typical man-
ner for Ruijsch. On top of a child's head, a part of
the skull, the posterior cranial fossa, and the
brain are removed. In the cutting edge, the in-
jected soft tissues are visible. Inside the skull
base, a part of the solid membrane of the brain
with injected vessels is preserved. Similar exhib-
its can be admired in the Kunstkamera collection.

Conservation results of the
fluid-preserved specimens

The conservation results of the fluid-
preserved specimens of the 13 wet specimens are
shown in Table 2 and based on the approved
Condition Reports. These 13 reports are covered
by the signed Agreement Conservation plan for
“Small collection of 26 preparations from Fredrik
Ruijsch". These condition reports and the agree-
ment are owned by the Military Medical Academy
in St. Petersburg and are not in open access or for
the common public. All specimens presumable
have been previously removed from their original
containers. Both jars and lids had a shape that
appeared at the earliest in the nineteenth century
or possibly later and, therefore, were most
probably not original. Labels (painted on the
glass, paper labels either outside or inside) were
present on glass containers. Over the years, the
labels have been replaced and considered non-
original.

They are attributed based upon the old
handwritten catalogues to Ilya V. Buyalsky and
Wenceslav L. Gruber, anatomy professors who
were responsible for the collection and worked in
the Imperial Medico-Surgical Academy (now the
Military Medical Academy) in the first half of the
19th century.

Only a minority of lids completely sealed
the jar, as only one did not leak during the leak-
age test. Five specimens were in excellent condi-
tion. Another five showed minor defects, such as
arterial injection partly missing or fatty skin
depositions. Nine jars contained ethanol as the
preservation fluid, with a wide range of concen-
trations (43—87%). One jar contained formalin.
The remaining three specimens with tags nr. 21,
nr 255 and nr. 207 were in poor condition due to
hardening of the skin and discolouration, and
these three were preserved in turpentine.

It was hypothesised by the conservation
team that the original preservation fluid was
ethanol and that a later conservator had chosen
erroneously to replace this with turpentine. The
previous conservator possibly smelled an odour
resembling turpentine after opening the jar. Tur-
pentine was also used to inject the wax that
Ruijsch used to make the wax thinner. So, while
the specimen was initially probably placed in al-
cohol, after most of the alcohol had evaporated in
due time, a more pungent turpentine smell arose
from the injecting wax. When a specimen is
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Table 2 / Tabauya 2
Overview of the state of the wet human specimens of the small Ruysch collection prior
to conservation
O030p COCTOAHUA BIAKHBIX YeJIOBEUECKUX aHATOMUYECKUX IIPENapaToB MaJIOH
Kko/uteKnuu Proiiina 1o koHcepBanumn

Quality Preservation

ID Identification and tag number Description ;)Ff);dclie_ gg’;?;g?;l ftl}?éf gg;sf:;__

men vation
99 | Tag nr. 105: painted on jar; O.A.* Ear of a child +/- +/-; EtOH conc. EtOH conc.
2; one white-blue label at top of 83% 70%
jar; one severely damaged label at
bottom of the jar; latter possibly
might be authentic Ruysch label.

178 | Tag nr. 196: white label with blue | An injected child's + - -; formalin! EtOH conc.
frame; number written up-side | hand with an un- (due to acidity 70%, after
down with yellow crayon; in blue derdeveloped and reactivity, steps of 30
written Ruysch (in Russian); O.A. thumb and ab- might affect col- and 50%
13. normal develop- our and overall

ment of the hair- quality of speci-
line on the fore- men); pH=4
arm.

180 | Tag nr. 198: on jar — O.A. 16; Two Lower arm and + +/-; EtOH conc. EtOH conc.
paper labels (partly damaged) one | hand of child; vas- 76%,; slightly 70%
white-blue label at the top and the cular injection yellowed; red
green label at the bottom. with wax; deco- sediment on bot-

rated with lace tom jar

181 | Tag nr. 199: painted on jar: dam- | Foot of a neona- +/-; -; EtOH conc. EtOH conc.
aged white blue label at the bot- | tus; vascular injec- | efflores- | 85%(!); fluid loss 70%
tom. tion with wax; cence of

decorated with calcium
lace, like the deco- | soaps
rations of Ruysch | on skin
preparations in
the Kunstkamera.

183 | Tag nr. 201: painted on jar; label | Foot of aneona- | -;tissue -; turpentine turpentine

preserved inside jar (on bottom). tus; vascular injec- has (rectified?); se-
tion with wax; hard- vere yellowing
decorated with ened
lace, like the deco- and
rations of Ruysch dark-
preparations in ened
the Kunstkamera. | (proba-
bly
caused
by re-
placing
original
fluid
with
turpen-
tine)

184 | Tag nr. 202: painted on jar; white | Hand of neonatus; + -; EtOH conc. EtOH conc.
label severely damaged — Mono- | vascular injection 44%; fluid loss 70%
gram “B” on two laurels engraved with red wax;
in glass jar. decorated with

lace

196 | Tag nr. 214: painted on jar — 214 | Foetal lower arm +/-; +/-; EtOH conc. EtOH conc.
and label inside jar (on bottom); (antebrachium); arterial 73%; fat globule 70%
green label on jar; O.A. 34 — white- | vascular injection | injected | on bottom of jar
blue decorated label on jar with red wax pigment

missing
at some
areas of
the skin
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Table 2 (continuation) / Tabauya 2 (npodoaxcerue)

199 | Tag nr. 218: painted on jar — 218; Foetal upper leg +/-; +/-; EtOH conc. EtOH conc.
ink on label inside jar (bottom); | and hip;vascular | arterial | 73%; fat globules 70%
0O.A. 38 - white-blue decorated | injection withred | injected | floating on pres-
label on jar; underneath green la- wax pigment | ervation fluid;
bel missing yellowing
at some
areas of
the skin
200 | Tag nr. 219: ink on label inside jar | Foetal lower arm +/-; +/-; EtOH conc. EtOH conc.
(on bottom); O.A. 32 (antebrachium); arterial 71%; slightly 70%
vascular injection | injected yellowed
with red wax pigment
missing
at some
areas of
the skin
234 | Tag nr. 255: painted on jar; O.A. Neonatal head, +; in- -; EtOH conc. EtOH conc.
107 vascular injection tense 87%(!1); fluid 70%
with coloured wax | red col- | loss; severe yel-
our lowing

*OA = Museum of the descriptive anatomy.

ID: refers to the catalogue number of collections of the department of Normal Anatomy of the Military Medical
Academy. Tag Number on the jar: refers to the tag number in the catalogue of the Military Medical Academy.
Quality of Specimen: structural quality of the specimen. Mounting: the suspension of the specimen in the jar.
Preservation fluid: quality as defined by level, pH, clarity, and concentration of the preservation fluid; evasions of
the standard fluid ethanol are described. © Authors produced this table, 2021.

immersed in turpentine, which was before on
alcohol, it will result in significant tissue shrink-
age due to water extraction. Thus it would have
resulted in considerable deformation of both the
outer aspect and darkening of the tissues (Fig. 4
and 5). The damage it had caused was complete
and at a point of stability. Since the fluid was un-
clear, it was replaced with turpentine. Switching
back to ethanol was not an option as this would
result in another shock effect, which would fur-
ther harm the specimen. The tissue shrinkage
due to the turpentine erxtraction of fluid cannot
be reversed by changing it for another fluid.

Specimen with tag nr. 196, a small child’s
hand exhibited the typical smell of formaldehyde
(Fig. 6).

Unbuffered formaldehyde has a nasty side
effect: it acidifies enormously in due time when it
converts to formic acid. The pH of the solution of
our specimen was 4. Formaldehyde is a good fixa-
tive, but keeping specimens in unbuffered for-
maldehyde for hundreds of years is unwanted.
Formaldehyde is an aqueous solution. One can
change the fluid stepwise to ethanol. The speci-
men was placed in a container with an ethanol
concentration of 30%, stepwise changing it to
50% and finally to 70% over several days.

The remaining nine specimens did not
pose great conservation dilemmas as they were
well maintained. The most significant problem of
their current state was the low levels of the fluids
due to leakage at the stopper and evaporation.
The ethanol concentrations were in a wide range
of 43-87%. The fluid was replaced with a solution
of ethanol of 70%.

Analysis of the injected mass

Ruijsch's preparations were subjected to
microscopic and X-ray examinations. The micro-
preparations stained by the Van Gieson method
showed that most preparations' blood vessels are
entirely injected. The capillaries and the venules
of muscles are densely filled with an injected
mass. The transverse striated striation of muscle
strings is well preserved. A vascular pattern was
revealed on the radiographs of a paediatric hand
and a leg. The mass used by Ruijsch to fill the
vessels was radiopaque.

We know that Ruijsch, neither to Tsar Pe-
ter the Great nor to Peter's employees, disclosed
the mystery of "putting the dead bodies to rest."
His method of embalming dead bodies, injecting
vessel methods, or the injection mass formula is
unknown, and there is also no precise informa-
tion on the composition of the fixing fluid that
Ruijsch used to preserve his specimens. To an-
swer at least one of the questions posed, we ex-
amined pieces of tissue from wet specimens and
fillers of large vessels from dry preparations. It
was established that in all cases, the filling of the
blood vessels is cinnabar, i.e., cinnabar HgS /
mercury sulphide or red cinnabar, a natural mer-
cury compound in combination with complex
hydrocarbons - C,.H,.0, and C,;H3,0,.

The spectral local-laser analysis of the
same samples of the vascular fillers showed that
the mixture contains more than 1% mercury, as
well as impurities of more than 20 different sub-
stances: Ca 2.0-5.0%; Si, Al, Mg, Fe — 0.1-0.6%;
Pb — 0.2-0.3%, as well as traces of Ni, Co, Cu, Ag,
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Belvore restoration in {elober 20110

Hpecmnen vy 201 Specmien s 207

Specimen ur, 201 Specimen ur, 207

Sb, Bi, Sn and Zn. Perhaps these impurities are
inherent in the natural compounds of mercury, or
Ruijsch added them to the embalming.

The dried specimens have maintained their
excellent condition over the ages. We presume
that Ruijsch followed the techniques described by
others, probably with adaptations. Like the wet
specimens, the process before preservation must
have involved dissection early after death, by
which the blood from the larger vessel was re-
moved. Then, an injection of the larger vessels
with wax coloured with pigment or tallow micro-
injections of the smallest blood vessels with a
thinner solution with turpentine and a coloured
pigment or even mercury [5, 6]. Ruijsch fre-
quently followed this step with further dissection
until he decided that the object would be pre-
served in that state. Then a process of desiccation
would follow. Subsequently, the specimen would
be placed in a preservative liquid, for example,
water with added alum. In this case, it had to be
previously emptied of blood by frequent washes
in cold water. This procedure maintained the or-
gan’s volume and flexibility and allowed further
work later on while maintaining its original ap-
pearance [36]. Ruijsch, who excelled at this tech-
nique, used a ‘balsamic’ liquor, whose composi-
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February 2022, two and a hall years later after restoration in October 2019

Specimen nr. 255

Fig. 4. Specimens nr. 201 nr, 207
and 255 before restoration in
October 2019. Photographer Ivan
Gaivoronskii. ©Military Medical
Academy, Saint Petersburg, 2017.
Published with permission.

Puc. 4. Ilpenapamuvt N2 201, N2
207 u 255 do pecmaspayuu 6
oxkmsabpe 2019 2. Pomoepag
Hean I'aiieopomckuii. ©BoeHHO-
MmeduyuHckasn axademusi, CaHkm-
Ilemepbype, 2017. Ilybauxyemcs
¢ paspeweHus.

i S — ol

Specinennn 255

Fig. 5. The same specimens nr.
201, 207 and 255 in February
2022 after restoration in October
2019. We saw and concluded that
even the structure and the colour
of the specimen with number 207
have improved. Photographer
R.I.  Tamchenko. ©Military
Medical Academy, Saint Peters-
burg, 2022. Published with per-
mission.

Puc. 5. Te xce npenapamwvt NO
201, 207 u 255 8 egpane 2022 2.
nocne pecmaspayuu 8 oxkmsbpe
2019 2. Mt ygudeau u npuwiau x
evl800y, umo dadxce cmpykmypa
u ygem npenapama ¢ HOMepoOM

207 yaywwuaucs. Pomoespagd
P.H. Tamuenxo. ©BoenHo-
MmeduyuHckan axademus, CaHkm-
ITemepbype, 2022.

OnybauxosaHo ¢ paspeueHus.

tion remains unknown. The specimens were first
submerged for 8—15 days in alcohol before soak-
ing in a solution of ‘spirit of vinegar’ (acetic acid),
to which was added ‘corrosive sublimate’ (mercu-
ric chloride). The specimen was exposed to the
air at a moderate temperature. When completely
dry, the specimen was coated in a white varnish.
Ethyl alcohol preservation of biological
specimens has a long history, starting with dem-
onstrating its value by Robert Boyle’s appearance
before the Royal Society with a linnet (Linaria
cannabina) and a little snake in some spirit of
wine [31]. Frederik Ruijsch was among the first to
use the “spirit of wine” to preserve biological tis-
sues, most likely with 67 per cent alcohol by vol-
ume [11]. However, others suggest a lower con-
centration of 52% [26]. Ruijsch added other in-
gredients, such as black pepper or ethereal oils.
Ruijsch is also well-known for using mercury sul-
phide-coloured resin injection into the blood ves-
sels, using micro-injections of which he exhibited
great skill. This led to specimens that showed
great liveliness, approaching the complexion of
the living organism, that appealed to the public,
likewise, to Peter the Great. The samples were
stored in glass jars. They were often closed with a
cork stopper, allowing Ruijsch to remove the
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Fig. 6. Specimen nr. 196, an injected child's hand with
an underdeveloped thumb and abnormal hair growth
on the forearm. Photographer R.I. Tamchenko. © Mili-
tary Medical Academy, Saint Petersburg, 2020. Pub-
lished with permission.
Puc. 6. IIpenapam N? 196, uHseyupo8aHHAL 0eMCKas
pyka c HedopazeumsiM boabWUM nanvyem U
aHOMAAbHBIM  POCIMOM  8040C HA  npednieuve.
®omoepad P.HU. Tamuenko. ©BoeHHO-MeduyuHckasn
axademus, Cankm-Ilemepbype, 2020. ITybaukyemes ¢
paspeueHus.

specimen for further dissection or demonstration
to an audience [18]. For more permanent closure,
the jars were closed with a round slab of slate.
These were sealed with wax. This sealing wax
probably consisted of beeswax, carnauba wax or
colophonium, minium (red lead) and chalk pow-
der. To prevent the lid from loosening, a pig or
sheep bladder was wetted, stretched over the top
of the jar and secured with a thin string (Fig. 7)
[34].

This method gave a relatively long-lasting,
tight and secure seal. Some covers were heavily
decorated with other natural products (dried
plants, corals) [23], but this was very infrequently
the case [18]. Due to the properties of the lids and
sealing, combined with the environmental condi-
tions (considerable swings in temperature), the
resulting leakage around the stopper and evapo-
ration of the preservation fluid will have required
the conservators of later generations to move the
specimens to new jars and use better plugs. The
requirement to continuously top up the preserva-
tion fluid makes it unlikely that the present fluid
contains any traces of the fluids initially used by
Ruijsch. Mulder et al. have already demonstrated

I e
Fig. 7. The jar contains an arm of a small child, which
holds a polypous mass. The wound of the arm is lined
with linen and fringe. The top of the glass jar is lined
with a membrane whose arteries have been injected
with a red waxy substance. The whole is tied with a
ribbon to close it [37]. In the public domain.

Puc. 7. B b6anxe Haxodumcsi pyka ManeHbKo2o
pebenxa, xomopas 0epicum noaunosxyro maccy. Pana
Ha pyxe e6vlcmaaHa abHOM U 6axpomoil. Bepx
cmexasHHOU  OaHMKU — 3amsAHYm  nepenoMkoill ¢
UHBEYUPOBAHHBIMU KpacHuim 80CK0O0OPA3HbIM
gewecmeom apmepusmu. banka nepessisana nenmotl
[37]. B obwem docmyne.

the near absence of traces during their restora-
tion of the Ruijsch collection, kept in the
Kunstkamera in 2001 [26]. Therefore, we did not
endeavour to further research the fluids we en-
countered during this part of our restoration.

The formability of Frederik Ruijsch's tech-
niques is demonstrated by the excellent condi-
tions of those specimens that had not been af-
fected by the conservation errors made by later
generations. This holds for the nine samples that
were still stored in alcohol. The erroneous ex-
change of the ethanol-based fluids of Ruijsch for
turpentine and formaldehyde affected four
specimens. The result was tissue shrinkage, dark-
ening, damage to the mercury-stained vessels,
and decolourising of the preservation fluid. Given
the pieces' historical importance, we decided to
proceed with the preservation and used an indi-
vidualized approach for each specimen to im-
prove conditions without additional damage.

Simmons states that many problems with
fluid-preserved specimens are now recognized,
but there is very little data to resolve them [30,
31]. This is largely because the care of scientific
specimens is communicated as an oral tradition,
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almost solely on custom. There are few scientifi-
cally tested, rigorous procedures for caring for
wet collections [30, 31]. Particularly the transfer
of specimens between fluids is a delicate process.
This is particularly true for specimen inventory
nr. 196, that was transferred from a formalde-
hyde-containing fluid to an ethyl alcohol-
containing fluid. We applied sequential steps
with 20% increases from 30% to 70% over several
days to avoid too significant differences in osmo-
larity and, thus, osmotic pressure, which could
lead to tissue damage. Because of its binding to
tissue, formaldehyde is not easily rinsed by tis-
sues and may be released into the alcohol solu-
tion for years. Clouding of the solution and form-
ing formaldehyde needles may occur [31]. Fur-
thermore, the appearance of paraformaldehyde
may result in acidification of the solution and
tissue damage. The only solution to these sequels
is a repeated rinsing of the specimen with water
of ethyl alcohol and an exchange of the liquid in
the jar with fresh alcohol.

Discussion

There were several reasons for conserving
organs, tissues, and whole-body specimens dur-
ing the Ruijsch period. It was difficult to obtain
human materials. Public opinion was very much
against autopsy, and often illegal methods were
used to obtain human material [6]. The material
would rapidly decay without treatment, particu-
larly in summertime. Conservation before dissec-
tion allowed stepwise dissection until achieving
the desired stage [18]. Further conservation into
a dried or wet specimen, using enhancing tech-
niques like injection with coloured wax, would
allow specimens to be suitable for permanent
display. Ruijsch added decoration with artefacts
from nature, lace, and moralistic texts, adding
more to the artistic value of the specimen and
lessening the raw effects of an anatomical dis-
play. His contemporary Govert Bidloo objected to
the life-like and decorated approach of Ruijsch,
as the presentation would be only a part of the
dissection, thus failing to show the actual image
of the body [22]. Similarly, Hunter (not a con-
temporary of Ruijsch but somewhat later) argues
that “both wet and dry preparations share the
defect of not resembling the body in its natural
state” [22]. Preparation, injection, and conserva-
tion have a long history in which Ruijsch plays a
prominent part due to his skills, which made him
a scholar to be followed by many.

The wet and dry objects carried economic
value, as the specimens were displayed in his
Cabinet on the Nieuwerzijds Voorburgwal in Am-
sterdam, open to the public against payment and,
as such, a source of income for Ruijsch [17].
Ruijsch treated his techniques and the composi-
tion of the fluids he used as his intellectual prop-
erty, concealing it from others. He sold his secret
to Peter the Great, and the extensive collection of
objects later placed in the Kunstkamera. The
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composition of the fluid was later disclosed after
the death of Peter the Great by Rieger, but the
specifications appear to be far from precise [5]. It
can be argued that the vast investments Ruijsch
made throughout his life in his collection were
not solely for scientific purposes. Margocsy [21]
states that Lodewijk de Bils (1624—-1669) (whom
Margocsy claims to be the inventor of the meth-
ods) and Ruijsch intended to maintain a monop-
oly over their methods of preparation. None of
their printed works ever disclosed how the
specimens were produced. He argued that the
discussion between Bidloo and Ruijsch (see ear-
lier) was also connected to the world of com-
merce. While both anatomists owned anatomical
preparations, only Ruijsch’s specimens could be
considered real commodities. Ruijsch’s collection
was sold for 30,000 Dutch Guilders to the Tsar,
in 1716 comparable to the price of 6 houses in
Amsterdam. Bidloo had only a meagre set of
specimens because he invested his energies into
producing a luxury atlas, which he hoped to pro-
mote by denigrating the competing representa-
tion by Ruijsch.

Conclusion

We present our findings of the so-called
small collection of wet and dry Ruijsch specimens
held in the Department of Regular Anatomy of
the Military Medical Academy in Saint Peters-
burg, which is used for educational purposes
within the Academy. These kinds of collections
are not always without ethical criticism, but they
give a good insight into the historical collection of
human remains, and the scientific knowledge at
the time of collecting [8]. The department staff
will further conserve the collection. This collec-
tion has significant historical value, and its acqui-
sition fulfilled Peter the Great's wish to educate
Russian students. This collection founded the
path for obtaining the complete collection of
Frederik Ruijsch by Tsar Peter in 1717, subse-
quently installed in the Kunstkamera [12].
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