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Inorganic compounds have been known and used since antiquity. Dynameron is the largest Byzantine medical
manuscript divided into 24 sections, in accordance with the letters of the Hellenic alphabet, which contains 2667
recipes. The majority of them contain ingredients of plant origin, followed by animal origin, while fewer inor-
ganic substances are quoted. In the present study, the latter ones are listed. Moreover, the information on the
uses of inorganic ingredients in the treatment of many diseases in the late Byzantine era is presented and their
evaluation in light of the modern Pharmacology and Toxicology.

1. Introduction

Since archaic period, several minerals, metals, clays, and rocks were
among the natural products used by the healers in different civilizations.
Later on, inorganic medicinal substances can be found in the writings of
Hippocrates, Dioscorides, Galen and many other physicians of classic
Hellenic, Hellenistic and Byzantine eras.

In continuation to our previous reports [18,19,22], the present study
aims to the documentation and assessment of the information con-
cerning the inorganic ingredients quoted in Nikolaos Myrepsos’ Dyna-
meron, which remains largely understudied. Our main source material is
its recent digital edition [20]. This treatise was written in Greek on the
late Byzantine period (13th century) and includes 2667 recipes, where
more than 300 plants are quoted, as well as 93 animals, 16 anatomical
parts of different animals and 34 animal by-products. The influence of
previous medical Hellenic, Roman and Byzantine treatises is obvious.
Also, some Arabic drugs are incorporated.

The present study focuses on the use of inorganic substances, such as
chemical elements, mineral salts, some semi-precious and precious
stones and earths present in the formulations described in Dynameron,
one of the most extensive medical treatises ever been. In ancient times,
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mineralogy existed as a Chaldean custom. Magicians used gemstones
and as they believed in their beneficial effect, they used to place them on
the body for protection against various diseases. This belief, as a
remnant of much older times, has been maintained for centuries and it
was especially favored in middle age and later on by a lot of physicians
and alchemists.

2. Material and methods

In our study, we used the critical editions, published in two volumes
with a German [20] or with an English introduction [21], which are also
available in a digitalized form.

Only a few Hellenic codices of Dynameron rescued to our days [20]
and a printed Latin translation [8]. The book contains 2667 recipes and
it is divided into 24 sections, named "Elements” from “Alpha to Omega",
according to the letters of the Greek alphabet. Each recipe contains in-
formation on the indication(s), the ingredients and also instructions for
their mixing in order to be used by the patient or the physician.

Most of the ingredients are plants [18,19], but there are several
recipes containing also ingredients of animal origin [22] and propor-
tionally a few minerals.
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Table 1
Metals.
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Name in the book

Common name/
Symbol

Indications as in the book

Indications translated

1. Gpyvpog [argyros]

2a. apoevikov [arsenikon]

2b.  cawdpdyn, cavdapdyn [sandrache;

sandarache]

3. %puoog [chryssos]

4. YoAKOG
Nonmetal
5. Oeiov (Gmupov)

silver Ag

arsenic As

arsenic As

Gold Au

Copper Cu

Sulfur S

a @bioig

b pAg

¢ GTopayOTOVOG

d addvvapio cwpatog

e drovia kai advvapio veppdY

f appodicio

a ot

b yopadeg

¢ yoAdgon

d aroctApata
e @Uyedia

f SAypata, Bnpiov TAnyA

g OTENTWHOTH
h aipoppoideg

i éEoyddeg

j UmoyUoerg

k approomio

1 t0rot

m méyig

n elypowx

o vopn

p onmedwy

q GuBpag

r mtepUylo

s Qta moppoolvta
t Unepodipkopa

Id.

@pbioic,

prg,

GTOPYIKOG,
AdvVOpia CWHATOG,

appodicia
YUypo GWHATOG

50Q e A n T

yovoikag
kapdiog cuykonr
peharyyohio
pawio

okippot
KATOYHATIKOY
Tpadpo

0 an Ty X

@Aeypovai
€petog

GOVAY (oL
KOMDV vebpa
poQV Srokomég
KOAMQDY KOATOUG
£hkog
peAiknpic
Onprodnypa
78w ndog

O doparTa
veUpoy TOVOg
OpOaApioGIG
KepoAoLyia
VELPOTPWOIS
Kapkivopo
OTEATONA
X01padeg

<2 v 2T 0B8R o TR

Ahomexioy
Yopag
Erpvbag
épooinera
mhelpiolg
OCanva
avappuoig
vopny

T O
£pOPATNG TPOSWTOL
Udpamikio

e e 508 e ® A T

atovia kai ddovapio veppiv

MmoBopia eig Eykopovoloag

EMpuvOes €v TQ) oTopdyw
00 @apuyya kai TRV P

a Tuberculosis
b cough
¢ stomach pain
d body weakness
e kidneys’ atony and weakness
f venereal diseases
a Applied to puncture wounds caused by nails
b scrofula
¢ chalazion
d abscesses
e swelling of the glands, esp. of the groin or armpit; blister
f beast bites
g steatoma
h hemorrhoids
i external piles
j cataract
k amblyopia
1 callus
m digestion
n fresh and healthy look
o noma (cancrum oris)
p decay, putrefaction
q hence, carbuncle, malignant pustule (acc. to some, small-pox)
r disease of the eye (when a membrane grows over it from the
inner corner)
s purulent ears
t overgrown flesh

a Tuberculosis

b Cough

¢ Digestive

d asthenia

e renal failure

f sexually transmitted infections
g body cold

h collapse

i to pregnant woman
j heart attack

k melancholy

1 mania

a Cirrhosis

b fractures

¢ wounds healing

d worms in the stomach
e pharynx and nose inflammations
f emetic

g angina

h nerve adhesive

i muscle collapse

j sinus adhesive

k ulcers

1 cysts

m beast bites

n every diesease

o fracture

p nerve pains

q eye disturbances

r headache

s nerve suffering

t carcinomas

u steatoma

v scrofula

a alopecia

b scabies

¢ antheminthic
d erysipelas

e pleurisy

f a fetid polypus
g corrosion

h nomas

i thickening

j redness of the face
k dropsy
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Table 2
Mineral salts.
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Name in the book

Common name/Symbol

Indications as in the book

Indications translated

1. araBavtivov [alavantinon]
2. arapaotpog [alavastros]

3a.  Ghag yayypwov [alas gaggrinon]

3b.  cdAtlepa [saltzemal

Ghag appoviakdv [alas
4. ammoniakon] appoviakéy
[ammoniakon]

5a.  vitpov [nitron]

5b.  £pubpov vitpov [erythron nitron]

misy]

picvwg OnTAg -picv [misyos optis;

almadine Fe3Al,Siz012
alabaster probably onyx marble; type of carbonate
mineral

halite (rock salt) NaCl

Sal ammoniac (NH4CI?) or soda

soda ash (natron) In antiquity: sodium carbonate;
modern nitron: nitric salts mainly potassium nitrate &
sodium nitrate

ntponnykd Grato = NTPWon

iron pyrite FeS, or Chalcopyrite CuFeS, or copper
sulphates with ferrous sulphate and zinc impurities

1794

Eppnrac
Uotepikd kai veppikd naon

Unaktikéy

£60)0G ka1 EE0YAG

KOKOYPOIX TPOGWITOL

Und ayyohceng
AénTOVOIG PAEYPHATOG
TVELPATOV SIHAVTIKN
kwoloo tag Opételg

dvoneyia

avopetia

TépveEL Yoy poUg, Tayels Kai
yAioypovg yopoUg, ToUg €V TQ)
oTOpAYW

Apikpavia,

KePoAohyio

avadodoeig avepyopévag anod
GTOPATOG

€petog

KAOwpo1G oA

PAEypa

TENTIKOV

Sravyero dpOarpod Eng yripatog
avoyneio 656vtay

ol Brig Exov,

ou Tpiyat pelow,

volv 0EUvel

OEvdopkiav ToleT,

oUk @rEypa €V TQ) oTopdyw Exmv
oU yopdy

oU modoyiaw

oU orhfvaw

TOPXADTIKOIG,

npog ndcav vevpikny Sidecw
TPOHOLG

ioytoyia

apOpitic

oidnpa

okAnpous Gykovg

Udpomikio

Telimpor

@Kol £V TPOCWTW

olAai

fAArokaiioc

Aeyfveg

yoyvideg

EMuvg

prig, toOpa

d0onvol

S10popn oIS

o0y

ANOOTNHN

covdyyn

éumvevpdraois Gpdpav, Téppm
ToMoAVTOV

oAV
x Udpomikio
Kayegio

AT p® w00 T

-0 o

< 2 v DT OB B —m R T MDA TD DT OB B R . Do

o< =

=

oMY

olha madapd

olha Té v T() oTépaTL Kai
EEVONpOTOL

0686vTag Anévong EAKLGL
OppUog péravag Totfoan
£ykondig

Svcevtepio

KO1MakOg TOVOg
£pooinelag

yepWYI Ehkn
capkpata £V Wol
Unepoapkecis

o o

—_— R e e TN 0Q - D O

emmenagogue
hysteria and renal ailments

a Laxative

b external piles, haemorrhoids
¢ bad complexion

d anxiolytic

e reduces phlegm

f carminative

g appetizer

a dyspepsia

b anorexia

¢ reduces cold, thick and
slippery stomach humors

d migraine

e headache

f breath smells

emetic

cholagogue

phlegm cleanser

digestive

ophthalmia since old age

without toothache

antitussive

without hair loss

sharpe mind

sharp -sightedness

eliminating phlegm from

the stomach

eliminating humors

eliminating podalgia

eliminating spleen ailments

0o o8B~ me - Toa

-~ o=

paralytics,
nervous temperament,
trembling,
ischiadic,
arthritic,
edematic,
solid tumors,
dropsy,
lividness,
face freckles,
scars,

sun burns,
lichen,
worms,
dandruff,
cough,
asthma,
dyspnea,
diaphoretic,
furuncles,
abscesses,
angina,
splenic disorders,
dropsy,
cachexia

“ X E < DT OBE mFe o TE@ om0 A6 T

polyps

shrinking gums

gums and mouth rashes
painless tooth extraction
black eyebrow tint
encanthus

dysentery

abdomen disorders
erysipelas

malignant ulcers

ear tumors

tumor

_ R e = T8 e 0 AN T

(continued on next page)
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Table 2 (continued)
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Name in the book Common name/Symbol

Indications as in the book

Indications translated

7. oTontnpia o167 [steptyria schisti] Potassium alum commonly encountered as KAl a néroy a polyps
(S04)2-12H,0 b olra mhadapd b shrinking gums
¢ ol té £V T oTOpATL KOl ¢ gums and mouth rashes
EEoOnpaTa d painless tooth extraction
d 086vtag dndvoug Eakuoat e black eyebrow tint
e O@puag péravag oot f encanthus
f éyxavbig g dysentery
g dvoevtepio h abdomen disorders
h kothakdg Tdvog i erysipelas
i époomérag j malignant ulcers
j xewptovia Erxn k ear tumors
k capxWpata £V woi 1 any tumor
1 Urepodpkwcic
In Dynameron, 5 metals, i.e. arsenic, silver, gold, iron and copper; and
Table 3 one nonmetal element, sulphur, are quoted (Table 1). Silver was

Salts and/or oxides of copper produced during clearing.

Indications: Heating; wound healing; against erysipelas, herpes, metrorrhagia; as
collyrium to treat swollen and hard eyelids

1 xohkduon chalkanthe; fem.
706 y&ikavbov chalkanthon; neutr.
70 yoAKeIOV chalkeion; neutr.

1 YAKITIG chalkitis; fem.

0 yokitng chalkitis; masc.

N xoAkA chalki; fem.

76 yoAkiov chalkeion; neutr.
FHOAKiTISN chalkitida

onddiov spodion

onodt spodi

ond8106, -a, -Ov spodios, spodia, spodion
61080G, spodos; fem.

For the interpretation of the inorganic material, we used Dioscorides’
Materia Medica [23], Stephanides’ The Theophrastus Mineralogy (1897)
[16] and Caley & Richards’ Theophrastus On Stones (1956) [5], as well
the NIST database [12]. Actually, the first three books were useful, while
by the database, we confirmed that most of the encountered names used
in the past do not exist anymore.

We have also quoted in the Tables the pathological conditions for
which these materials were proposed in Dynameron trying to determine
the nosological conditions according to the modern medical terminol-
ogy. In the manuscript, there are several pathological conditions with
terms originating from antiquity, which can be found in texts of earlier
authors [1]. It is noteworthy that these terms are not always clear and
are not used by all authors in the same way. However, earlier de-
scriptions facilitated the work of scientists during the 18th and the 19th
centuries, who studied and classified the diseases [3]. Additionally, it
should be noticed that the ancient name of a specific illness or ailment
does not necessarily correspond to the one used by modern medicine,
despite apparent similarities.

3. Results and discussion

The research presented in this article focuses on the inorganic sub-
stances applied as remedies in Dynameron, which are presented in
Tables 1-5. Of the 2667 recipes of Dynameron, 822 includes inorganic
ingredients, at least 54 different ingredients in total.

Most of the inorganic substances do not concern minerals properly,
but stones and earths; actually, they do not belong to minerology, but to
petrology, being igneous materials or sedimentary. The separation of
petrology to minerology took place at the end of the 19th century.
Aristotle (4th c. B.C.) in his manuscript Meteorologica, as well as his
discipline Theophrastus (4th c. B.C.) in his work on Stones [5,16] placed
together the inorganic products of human industry with the minerals
and stones [10].

1795

mentioned in the Hippocratic Corpus, under the name flos of silver
(&wddg dpyUpov) and dust of silver (oxwpia dpyUpov) [16]. In addition,
several mineral salts (Table 2) are found under different names, as
progressively the Greek language incorporated latinized and
mixo-barbarian words. Special portion of the inorganic materials
constitute the salts and oxides of copper (Table 3). Stones and earths
(Table 4) from different areas around the East Mediterranean basin,
mainly from the Aegean islands and the Hellenic colonies in Asia Minor,
are mentioned. In most cases, the names of the stones are derived either
from their physical properties, either from the name of the place of their
origin, e.g. achate stone from Acate of Sicily. Similarly, the names of the
earths coincide with the name of the areas where the certain earth is
abundant, e.g. Samiou asteros, earth from the island of Samos [16]. The
differentiation in their inorganic content resulted a plethora of in-
dications, which allowed the physicians to treat several skin and eyes
lesions and other ailments (Tables 1-5).

Finally, in Table 5, amber and pearl are categorized as miscellaneous
inorganic products. Amber is fossilized tree resin with inorganic ele-
ments. Pearl, although composed of inorganic compounds, such as cal-
cium carbonate (mainly aragonite or a mixture of aragonite and calcite),
is produced within the soft tissue of a living shelled mollusk or another
animal.

In all Tables, information is given on each quoted inorganic sub-
stance, including the name, the potential interpretation and the thera-
peutic indications.

The most cited elements were arsenic/sandarach, sulphur and cop-
per, followed by gold, while silver was mentioned few times. Ammonia
salt and sandarach were ingredients used in the preparation of trochisci,
drying powders applied to wounds, soaps, poultices and liniments.
Copper, gold and silver were similarly used excluding soaps, but also in
collyria and antidotes. Sulphur was mostly incorporated in patches,
trochisci, pessaries, in recipes used for the treatment of alopecia, in
drying powders applied to wounds, in lichen smears, in sprinklings,
collyria, patches, against sebum and as antidotes.

Ammonia sal, nitron and misy were widely used, while fewer refers are
found for halite (sal gagrinon) and alum. Among medicinal salts,
ammonia sal was always used in every recipe; these salts were used
mainly as laxatives. The dominant ingredients in ointments against in-
flammations were ammonia sal, nitron (saltpetre) and nitric components.
Misy was the ingredient used in ear patches and medicines, trochisci,
powders, lichen smears, poultices and in sprinklings. Alum was ingre-
dient in suppositories, sprinklings, poultices, against hemorrhoids,
sebum, as well as in powders, dental medicines, pessaries, soaps, tro-
chiscus and ear patches.

Copper oxides run through all Dynameron, as recipes ingredients
reported for the treatment of specific diseases such as heating, wound
healing, erysipelas, herpes, metrorrhagia. Moreover, they were included
in collyria to treat swollen and hard eyelids. Among the stones and
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Table 4
Stones & Earths.

Toxicology Reports 8 (2021) 1792-1802

Name in the book/Mentioned in the Common name/Symbol

Indications as in

Indications translated

text (Page/Line): the book
1 ivdikov & Ivdikog Aibog [indikon & Indian agate a @leypovn a against inflammations
indikos lithos] b andotnpa b abscesses
¢ &k ¢ ulcers
2a aipatitng [haematitis] a gl}lloc;;x;:/xé a astringent,
b e Yirmé b in poultices
ééssenpdm ¢ against skin rashes
d épuoimérata
. e E\kn j erysipelas
haematite [Fe;O3] £ vopn K ulcers
% piktog Zwoenitig, (=opotitng) g PELHATIGHOUG 1 noma
[miltos Sinopitis (= heamatitis)] oLaivag m rheumatisms pustules
h 686vtag Eroveg n painless tooth extraction
Ehcvoon o dysentery
i dvoevtepia
a frop
b pevpata otopdyon
kai Owpakog
; s}:;:;)lmq a hepatic failure,
R romijg b carminative,
\ ) ¢ ulcers,
SHTVEDLOTWOELS, d tuberculosis,
f MBobpounTikéy .
g voovpia e abdomen ailments,
. - . f hrolithiasi
2c piATog Anpvitig h pehayyohio gegu:i(;l 1asts
i éxporiai vexpy & ay
Enpplov h melancholy
j Iiﬂs  i0p6AoD Kai i abortive, poisonous and
dninTnpion j \I;ietr::mous
X ::;}; ZTO(;V k tertiary and periodic fevers
KW,
TETOPTAIOY KO
A<P>QpHEPWRV
TOPETWV
3 Apué i S iot, .
4 puéviog [armenios] a xz:i::?: conia a dysentery, apepsy (defective
b dpepinz ? digestion)
¢ GroLEYSTOVO b arthritis
d anHvX s ¢ disordered in the stomach
) ) . Bright red mineral colorant n . d splenic ailments
3b Appeviax6g [armeniakos] e pehoyyohia
£ xeonaiyi e melancholy
. . f headach
g Opbaipinci ca ?.lc ¢
h tetapraiog g eye ailments
(ropeT6e) h tertiary fever
4a "Aciog [asios] a okippovg
b .
ZS%S}?:;: a scirrhus (hard dense cancerous
P
A th
¢ auagnpaveig growth) . .
d Siagopnoic b eye excessive pain
e koAhoUoa kOATOVG ccl gie:whcj;tﬁc
f pevpatitopévong p . .
copiyyisels e scrofula, gout, sinus and joints
. R adhesive,
ﬁ :g;a&;%i):;i(pamg f rheumatisms
i TGV 0pOaApDY g against head
i . . N h joint:
4b Acawég [asianos] j Aeyfvag i i 01; Sailments
k mpog Aevkwporta . li);hens
Kol approoTiog li amblvopia
1 oninuikoig y p.
m OBpomIKoT: 1 splenic ailments
. . m dropsy
n ioy1ad1koig o .
o GpBpITIKOT; n sciatic pain
voudc Kai o arthritis,
P Gn::sgévug p noma and sepsis
o . th
q mpdg AvBpakdg te q anthrax
koi wTepUylor
s . . . A 0 . . .
5 aydrng [achatis] Agate SiO, (Chalcedony variety) p;;\zchs(o)zzg ot diaphoretic, emollient
a rehioua a lividness
b (XKOE £V TPOGWTW b face freckles
6 popdiyiog [borahios]: Borax [NayB405(0OH)4. 8H,0] c 30)\& s P ’ c scars
. g.n d sun burns
d Aokaiog e

1796

lichens,

(continued on next page)
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Table 4 (continued)
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Name in the book/Mentioned in the

Common name/Symbol

Indications as in

Indications translated

text (Page/Line): the book
& heyfvag v T f dandruff
GWHOTL Ko Woryvida
7 TCaydrng [gagatis] Gagate stone; the name derives from the ancient city Gagai of Lycia a npoOg EMANTTIKOIG a epilepsy
b kepodohyiow ko b headache, migraine, insomnia
Npkpavioo Tévov ¢ vulva scars and noma
Kol Tpog Aypomvioy d incense for insomnia
¢ év aidoioig Eoyapiv
Ko VopQv
d "Yrvetikov Bopiopo
8 I'epdreog [geraneos] = Admig a mpog pehotyyorikoug a melancholy
AdCovM b mpog b heart attack
GUYKOMTOHEVOVG c fainting
¢ mpog Amobvpiay d any cardiac temperament
d mpog ndcav e stomach ailments
kapdakny Sidbecw f splenic ailments
e TPOG GTOHNYIKOIG g laxative
f npodg omAnviKOig h tonic
g 1podg kaBapTIKA
h évdvvapolvta
9a Zaugopog [zampfyros] a mpodg
9b Zépopog [zephyros] EheparTIIVTAG
b pnyxoig
¢ apTnplakoig
d mpog aroviav
GWHOTOG Kot
xmoeop‘lav rl a elephantiasis (filariasis)
GuyKoTY
e KopdIKoig b cough
£ S1ODTTIRO ¢ high blood pressure
“ @ p'n . c d asthenia, fainting
g Umvov Endyet
) ; e heart attack
h ddakpoa oTéMreL X .
- aa . f diaphoretic
i PAyxa Aoer X .
s . g sleep-inducing
j Epetov aipatog O
. . h reduces lacrimation
avacTENREL i antitussive
Sapphire k na6n otriBovg kai . X
9c Zdngpeipog [sapphiros] TWeUpOVOG Ko j hemoptysis
. k chest, lung, viscera
STAQY VOV . .
- . 1 kidneys pains
1 @y vepp@v névovg . S
R - m straguria (droplet urination),
Kai KOIAMoKoIg .
Bor 0T dysuria
. R n kidney and bladder stones
m oTpayyovpioy Kai .
. . o hemostatic
Sdvcovpiav Alet s
n koevAoUg v veppoig p carminative
L B . q sudorific
kol kUoTEMG AUet kai
Opunter
o ponv aijarog
opiyyet
p auvépoig pUceng
Srpopel
q iSplTag pépet
a eic yuypav Tod
GWHOTOG
b kapdiakols
¢ umobopoivtoag
d eig yovaikag
£ykopovoUocng
. - e mpog UoTepikag
10 iaomig [iaspis] Jasper nigeic
f mpog kapdiag
cuykonfy
g eig adovapiow tol
CWHATOG
h npdg aipopparyioy
prvog
a mpog Toug £V TOIg
11 ‘lovdaikdv [ioudaikon] Judaic/ Jerusalem stone Ve@ppoig AiBovg a kidney stones
Eyovtag
. a melancholy
a “émqu}\la b heart attack
b ocvykonn A
¢ MmoBopin ¢ fainting
Aagoupiov [lazourion] = Admig Lapis lazuli [mixture of minerals mainly of lazurite: tectosilicate 3 d mania
12 ) . . . d pavia .
AdCooat mineral with sulfate, sulfur and chloride] . . e necrosis
e KaTAAGIG GapKOg .
£ ouGyDoL éx f bad skin color due to excess of
e)\(xxpoh 00 yopol black bile
K
Henyx HOK g tertian fever

1797
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Table 4 (continued)

Name in the book/Mentioned in the ~ Common name/Symbol Indications as in Indications translated

text (Page/Line):

the book

g TeTaptaiog

<m)psr?g> h stomach and splenic ailments
h otopaydnovog,
oY
13 AitG [litzi]=, AiBog hagovpiog a peAayyoria a melancholy
b ovykonn b heart attack
¢ MmoBopio c fainting
d kopdiokn Sidbecic d sanguine temperament
e pawdng e mania
f xatéhooi capkog f necrosis
g KoKOYpOIN €K g bad skin color due to excess of
perayyohikod yopold black bile
14 MoyvAtng [magnitis] Magnet a mwpot kai okipwdelg  a bone porosis and scirrhosis
Oykot
15a  Mnardr [mpalazi] a peAayyoria a melancholy
b ovykonn b heart attack
¢ MmoBopio c fainting
MraidEiog [mpalaxios]— Sappfire d Kap‘&(xxr'] S160ecic d sang'uine temperament
15b . . e pavio e mania
Gpdpaydog AiBog . . .
f katéhooig copkog f necrosis
g kakoypdoug éx g bad skin color due to excess of
perayyohikod yopold black bile
16 Iepdikitng [perdikitis]: a g‘;ﬁil kal oKipdEIe a bone porosis and scirrhosis
a MBobponTikoy, £V T
17 Iepokdg [persikos] Persian stone kUoTel a rena} stones .
X . b applied to the kidneys
b kotd veppiv
a apbpitig
b pAéypa a arthritis
¢ pelayyohio b reducing the excess phlegm
d modayia ¢ melancholy
e vegpouc, €V Tfj d gout
kUoTel Tdon e kidney and urinary bladder
f @ and yoypotnTog f disorders produced by cold
. . . . ywopeva temperament,
18 IIpdowog [prasinos] = Admig Aitlt Green stone g Wlypow cEpaTos ¢ whole body coldness
h koapdin h cardiac failure
i MmoBopio i fainting
j yovdikag j of pregnant women
£yxopovolcag k hystery
k Uotepixag nviteig 1 heart attack
1 cuykorAv kapdiog m asthenia
m advvapia CWHATOG
a oTopdyl a stomach
b omiv b spleen
¢ veppoi ¢ kidney
19 Tpdoiog [prasios]= Admig Aitl d Arop d liver disorders,
e kepohohyio e headache
f nGBog Umoyovdpiny f any illness of hypochondriasis
g apopitig g arthritis
a otpayyovpia
b dvcovpia a straguria,
¢ Mbinoig b dysuria,
d MBoBponTikdy ¢ urinary bladder stones
e TWPOALTIKOY d applied to kidneys
f amootnportikéy e bone porosis
20 Topitne [pyritis] Iron pyrite (mineral FeS,). It could be. attributefd to diphryges; the ﬁ ;tsz:;; gf 2::25152:;s
name was also used for any sulfide mineral of iron and copper. L .
i Vapkwo1g WRATOG h favus
j €eUBopia, eUcapkio i necrosis,
Kol PRGIG CWHATOG j for good temperament,
k dapopnoig corpulence, beautiful color,
Y01padwv kai k diaphoretic, scrofula and gout
TodAypaG 1 scirrhosis
1 oxippwderg Gykot
21 Sko0rkdg [skythikos] Scythian stone a "prA})TlKOI,/. a porosis .
b okippwderg Gykot b any carcinoma
22 Tkoldketog [skylakios] a F,)SUW X’pom(xg a chronic ophthalmia
OpBodpiog
. . .o . a kapdic R . a cardiac disorders
23 Tpdpaydog [smaragdos] Er.ner.:ald [B.e 3Al(Si0a)s] and in Antiquity, any green beryl variety b Gnykonnv K?P piag b myocardial infraction, fainting
with inclusions Ko MmoBopiog .
. ) ¢ elephantiasis
¢ EleqavTinocig
24 016 [schistos] a mpodg mdvta T TAon a effective in difficult disorders
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Name in the book/Mentioned in the

Common name/Symbol

Indications as in

Indications translated

text (Page/Line): the book
C GUKWOEIS ¢ sycosis scars,
d AevkwporTor d vitiligo,
e nloav greypovny e any inflammation and excessive
kai teprowdoviay pain,
f éni xeparig mOvov f headache
g T pETWIW g if sprinkled in the forehead
£yyprdpevov h ulcers
h &wxn i wounds
i TpadporTo j in chronic diseases
j xpoviag Srbéceg k collyrium, any wound
k pooképarov 1 eye complaint
25 Toplokdg [syriakos] Syrian stone a Gmoppinty ToUg €v a kidney stones removal,
7} kUoTer AiBovg b droplet urination, dysuria
b otpayyovpia,
Svcovpia ko
Mbinoig
27 Yréyhwpog [hypochloros] a drovia CWHATOG a asthenia (weakness),
b MmoBopio b fainting,
¢ ovykomr| kapding ¢ myocardial infraction,
d kopdio d cardiac disorders,
e Spdpnoig e diaphoretic
28 ®pUytog [phrygios] Phrygian stone, used by the ancients in dyeing and believed to have ~ a wpdg T& pevpatikd a rheumatism,
been a sort of pumice 7éon b abscesses
b mpog drooTApaTo ¢ carcinomas
¢ TPOG KAPKIVWHXTA d favus,
d @Uyebra e body necrosis,
e VapKWOEIS CWHATOG f for good temperament,
f mapéyer eUcapkiov corpulence, beautiful color,

29 Anpviag ogpayidog [Lemnias
sphragis]

30 Tapiov dotrp [Samiou astir]

Terra sigillata Mixture consisted mainly of silicate salts, iron oxide,
aluminum oxide, calcium oxide etc.

Earth from the island of Samos. Probably kaolin, hydrated
aluminum silicate, or a clay composed mostly of kaolin
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Kol PG GWHATOG
PO TWPOLG KK
dArovg Tavtoiovg
oK1pWdEIS GyKOLG
npog aidol,
NAKOPEVQ
Svoevtepikols
hetevtepikoUs
KkothakoUg ko €ig
TdcaV KOIMAKNY
d16ecv
"Epmiaotpov mpdg
KOAMkoUG,
oTAMVIKOUG Ko
GTOpYIKOUG

TPOG VELPOTPWTOLG
£mi aiponToikWy
TPOG kePaAahyiow
Kol Apkpaviov
novov

Oopwpevov
aneradvel
akabaptov Trelpa
npog Packavioy ko
7pog Tt PpOSdYOV
npog pol
yovaikeiov kai
aipopparyiow
Uotépag
KOTUOTEMEL TA €V
WOl COPKWHATO
UnepodpkocIV
SvoevTepikoig
KOIAMOKOIG
aipootatikl kutd
g aipoppayiag
TPOG VELPOTPWTOVG
TPOG aiponToikous
Ti0epévn kotd 100
Ouwpakog
KOAMMNTIKF KOAT®Y
TpOG PAEYHOVAG KO
Ehkn

TPOG ApYOpEVAG
O@Oahpiog Ekn
PAOKTOIVAG
YORWGCEIG

o

-

—_ R e T

0B B m e TR M0 A TP

cirrhosis,
vulva ulcers

dysentery

lientery

apepsy (defective digestion),
plasters for abdominal, splenic,
stomachic

ailments, nerve related diseases,
external use in chest

against hemoptysis,

headache, migraine, as incense
for insomnia,

removes any dirty spirit,
against evil eye and envy
menstruation, metrorrhagia,
removes ear tumors

tumors

dysentery, abdominal ailments
hemostatic, antihemorrhagic,
nerve related ailments
against hemoptysis

applied in chest

vagina adhesive
inflammations and ulcers
starting ophthalmia

purulent ulcers

pustules

bruises

bites

dropsy

colic

womb ailments

(continued on next page)
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Name in the book/Mentioned in the
text (Page/Line):

Common name/Symbol

Indications as in
the book

Indications translated

k mpog Toug pn
Unogépovtag SAE
UdpwmikoUg
KOMKOUG

npog UoTépav

Table 5
Miscellaneous inorganic products.

la  frextpov [elektron]

a Negpitiki a kidney ailments,
amber fossilized tree resin with b npt:)r; Kg‘pu}\a}\YIKOUQ b headache,
1b  €puOpdv frextpov [erythron elekron] inorganic elements ¢ mp0g korhiakolg ¢ stomachache,
d mpog dvoevtepikols d dysentery,
e mpog polv yovoukeiov e dysmenorrhea
22 Mopyapredplov (neutr.) [margaritarion] Mopyaprtdpt a mpog dvuoevtepikols a dysentery,
(neutr.) [margaritari] b kotuokoUg, b abdominal ailments,
¢ TEWeGHOV KOlhiag c flatulence
d kotdAoow capkog kai VEKPOGIY d body and skin
CWHKTOG necrosis
e kopdiakoug e cardiac disorders,
f ooveyelg Topetols f continuous fevers
g ylypav cWHKTOG g hypothermia,
h MmoBopio h fainting
pearl i €ig Uotepikag yovaikag €ykoporolcas i hysteria during
2b 6 papyapitng (masc.) [o margaritis] j mpog mikeig kapdiog pregnancy
k ovykonrv kai gig advvapioay Theiotny j myocardial infarction
700 6WHATOG k asthenia
1 npodg @Bio1K0Ug 1 tuberculosis
m pnyikolg m cough
n otopayikols n stomach ailments
o atoviav kai Advvapiov vE@pOY o renal failure
p mpodg T@ dgpodicia p venereal diseases
q OTMAKTIKOY q laxative.

earths, the most frequent quoted were the Indian stone, the lapis lazuli
and the Lemnian earth. Stones and earths were mainly used for kidney
diseases, in antidotes, in poultices and patches, in incenses, eye drops,
granules, emollients, and drying powders.

In Antiquity, three well known scientists, whose manuscripts sur-
vived, used inorganic substances as healing agents, Nicander of Colo-
phon (2nd c. B.C.), Dioscorides (1st c. A.D.) and Galen (2nd c. A.D.),
being all of them Greek. Also, Pliny the Elder’s (1st c. A.D.) encyclopedia
De Historia Naturalis refers to minerals and other inorganic compounds,
but the section on these materials derives from a lost treatise of Xen-
ocraetes of Ephesos (1 st c. A.D.) [10].

Comparing the inorganic substances of Tables 1-5 with those
described in Dioscorides’ Materia Medica [23], the matching is
remarkable, although there is a time distance of more than thousand
years. Moreover, many references to minerals and chemicals are also
found in the Muslim medical literature of the Eastern and Western Ca-
liphates [9]. It is also noticeable the similarity in number and nature of
the inorganic ingredients used for medicinal purposes in the Levant
Medieval and early Ottoman periods [9]. Most of the mentioned fifteen
inorganic substances, namely alum, arsenic, sulfides, asphalt, jew’s
stone, earth sp., galena, haematite, iron, lead, pyrite, salt, sulphur,
thermal water, green vitriol, and zinc, can be also found in Tables 1-5. A
notable tendency to use these substances for treating diseases of the skin,
the eyes, the sexual organs, and haemorrhoids was detected in the
Muslim medical literature [9], as well as in Nikolaos Myrepsos’ Dyna-
meron. In the latter byzantine manuscript, most of them were used as
ingredients of poultices for treating diseases of the skin and the eyes.
Moreover, sulphur (Table 1), halite (Table 2), sapphire (Table 3), earth
from Samos (Table 4) were part of antidotes against snakes, scorpions
and other venomous bites (Tables 1-5). Only in few cases, they were
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added in preparations for internal use. Although, in archaic Antiquity,
stones were used according to their so-believed “magic” properties,
there is only two such cases, namely of iaspis, used as exorcism against
rhinorrhagia and of terra sigillata used against evil eye and envy. The
name iaspis is not clear that refers to jasper or according Plinius to a
stone translucent and green. The Disoscorides’ descriptions show that
this name does not correspond to an opaque stone. Moreover, Theo-
phrastus considered it close to smaragdos (emerald green) [16].

Taking into consideration that the traditional Hellenic medicine is
very well documented in a considerable number of texts since the 8th
century BC, the Byzantine physicians had a well-established arsenal of
medical manuscripts as sources, dating from the Hippocratic period (5th
c. BC) until their epoch [6].

The introduction of inorganic materials in medical preparations,
alone or mixed with herbal or animal ingredients was continuous during
the next centuries. In the 17th century, semi-precious stones and gold
were considered important medicines, e. g. topaz prevented intoxica-
tion, agate protected against sudden death, zirconium protected against
epidemics etc. The healing properties of gemstones were written in
books even of reliable for their time scientists. Unfortunately, these
beliefs, remnants of medieval darkness, prevailed in the next century.
For example, the Codex medicamentarius, seu pharmacopea Parisiensis of
1758 describes "praeparatio fragmentorum lapidum pretiosorum" in the
form of pills (trochisci) [7]. It is worth mentioning that all inorganic
elements quoted in Dynameron can be toxic depending of their doses and
formulations. Taking in consideration their concentrations in the rec-
ipes, it is obvious that the medieval physicians knew their
dose-dependent intoxication. The significance of the right dose has been
recognized for centuries [17]. Moreover, most remedies including
inorganic ingredients were administered externally for the short period
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that lasted the disease, thus reducing the possibility of toxic effects.

Metal has obvious importance in our modern way of life. Inorganic
substances are still in the arsenal of therapeutic agents. Nowadays, ferric
hydroxide polymaltose complex is a medicine to improve the hemo-
globin level. It is a good source of iron for the human body.

Sandarac (realgar = arsenic sulfide), named upon the Hellenic San-
daracha, is a poisonous mineral. This product should not be confused to
the resin produced by trees of the Cupressaceae family, as Sandarach
Arabica, which is the gum of Juniperus L. (e. g. Juniperus oxycedrus resin),
also called sandarac or vernix. Arsenic was taken as a by-product 5000
years ago during the processing of copper. Arsenic sulfides have been
used since antiquity as a yellow (arsenic trisulfide) and red dye (arsenic
disulfide) [15]. Both Hippocrates (5th c. B.C.) and Galen (2nd c. A.D.)
recommended a naturally occurring arsenic disulfide for treating ulcers
and skin lesions [23]. However, the first arsenic compound for medical
use was arsenic trioxide [15]. In the 11th century, ibn Sina recom-
mended it for the treatment of cancer both topically and internally.
Since then, various ointments containing arsenic have been the basis of
folk remedies for cancer. Although Paracelsus (16th c. A.D.) considered
arsenic trioxide to be effective in treating cancer, ulcers and wounds, he
used it only externally because he considered it to be too toxic for in-
ternal use [15]. In the 18th century, Thomas Fowler (1736-1801), En-
glish pharmacist and physician in London and Edinburgh, introduced
the Liquor arsenicalis Fowleri, an arsenic solution (1 % arsenic trioxide)
for the treatment of leukemia, which was used until the 1950s in cases of
malaria, although less effective than quinine, syphilis, skin diseases,
chorea, dropsy and rabies. Even in the 1940s, Fowler’s solution was
prescribed as a tonic to treat malignant anemia, probably due to the
increased pigmentation of the cheeks, as chronic arsenic poisoning in-
duces increased capillary fragility [15]. In the 1990s, there were reports
from China of its intravenous administration to achieve remission in
patients with acute promyelocytic leukemia [24,2]. In the beginning of
2000s, FDA and EMA approved an injectable solution of arsenic trioxide
for all stages of acute promyelocytic leukemia, relapsed cases, or as
first-line treatment. It is very potent against this rare form of leukemia
caused by a genetic ‘translocation’ (when there is a swap of genes be-
tween two chromosomes). Another medicine based to arsenic discov-
ered in 1910 by Dr. Paul Ehrlich, salvarsan (also known as
arsphenamine), was used to treat syphilis until the launch in market of
penicillin after the World War II. In 1949, melarsoprol was introduced
for the treatment of human African trypanosomiasis (sleeping sickness)
and still the World Health Organization (WHO) is recommending it in
combination with other drugs [15]. Actually, melarsoprol is donated by
WHO to the countries where the disease is common. Today, both inor-
ganic and organic arsenic preparations are still manufactured for med-
ical and veterinary uses.

Gold-based remedies have been used against several diseases since
ancient times; they were also produced by many alchemists of Middle
Age. The main interest of the alchemists in this element was related to
their efforts to induce material transformations of one less precious
element into the others and finally to gold [11]. Before the alchemical
era, gold was administered as solid gold leaves suspended in wine,
“Spiritus’” (distilled alcohol) and this preparation was appeared in
official Pharmacopoeias. However, the alchemists came to the conclu-
sion that a liquid gold preparation could be more active and safer [15,
14]. Gold therapy in the 17th century was systematically advertised and
all forms of gold were used. Gold dominated for some time and displaced
other effective drugs. Electuaries composed of gold, pearls and precious
stones were remedies for restoring and maintaining health and pre-
venting disease. Moreover, gold medicaments were thought to have
rejuvenating properties because of their shine. It is reported that Louis
XI, who was epileptic, used gold in drinks, enemas, liniments to treat
epileptic seizures. Louis XIV tried with gemstones to regain his youthful
vigor and in his old age paid exorbitant sums for gold preparations [7].
Some gold thiolate drugs, first introduced in the 1920s, are still clinically
used today and are included in the class of disease-modifying
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antirheumatic drugs (DMARDs), that primarily slow the progression of
the disease [4]. Auranofin, an oral gold salt was approved for clinical use
in 1985. Although, it may no longer be the drug of choice for rheumatoid
arthritis, it has the potential to be repurposed for some cancers, parasitic
infections, bacterial infections, HIV and even neurodegenerative disor-
ders, such as Parkinson’s disease and Alzheimer’s [13].

Moreover, a considerable number of new metallodrug candidates
have been developed as new anticancer drugs and anti-infectives. In
addition, inorganic substances at concentrations below the threshold of
toxicity are used for drug delivery systems and diagnosis [25].
Furthermore, by offering historical context and discussion about the
ingredients of ancient and medieval medical manuscripts, we bring in
light their perpetual presence hitherto in some modern medicines.

4. Conclusion

Inorganic compounds have been known and used for medical pur-
poses since antiquity. The present study focuses on the inorganic in-
gredients quoted in Dynameron, an enormous Byzantine medical
manuscript, which contains 2667 recipes of which 822 include inorganic
substances. In total, at least 54 different inorganic ingredients are
referred. In comparison with herbal and animal products their number is
considerably lower. The most cited elements were arsenic/sandarach,
sulphur and copper, followed by gold, while silver was mentioned few
times. Most encountered disorders were mainly ophthalmic and ear
diseases and skin lesions. It is also important that the concentration of
these inorganic substances was at sub-toxic levels for a short period
avoiding both chronic and acute intoxication.
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