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Introduction

Analysis of stable isotope ratios of carbon (δ 13 C) and nitrogen (δ 15 N) in soft and hard human tissues is a widely used and powerful tool to investigate modern and past diets [START_REF] Deniro | You are what you eat (plus a few ‰): the carbon isotope cycle in food chains[END_REF][START_REF] Kaupová | Urban and rural infant-feeding practices and health in early medieval Central Europe (9th-10th Century, Czech Republic)[END_REF][START_REF] Kaupová | Diet in transitory society: isotopic analysis of medieval population of Central Europe (ninth-eleventh century AD, Czech Republic)[END_REF][START_REF] Polet | Reconstruction of the diet in a mediaeval monastic community from the coast of Belgium[END_REF][START_REF] Richards | Stable isotope analysis reveals variations in human diet at the Poundbury camp cemetery site[END_REF][START_REF] Salesse | Life history of the individuals buried in the St. Benedict cemetery (Prague, 15 th -18 th Centuries): insights from 14 C dating and stable isotope (δ 13 C, δ 15 N, δ 18 O) analysis[END_REF][START_REF] Salesse | IsoArcH.eu: an open-access and collaborative isotope database for bioarchaeological samples from the Graeco-Roman world and its margins[END_REF][START_REF] Schwarcz | Stable isotopes in human skeletons of southern Ontario: reconstructing palaeodiet[END_REF]. Isotopic values of human bodies derive from values of consumed food but are generally shifted due to predictable diet-tissue spacing specific to each element. In collagen, stepwise enrichments in 13 C and 15 N occur between trophic levels. Correspondingly, δ 13 C col and δ 15 N col values are expected to increase between diet and collagen consumer [START_REF] Bocherens | Trophic level isotopic enrichment of carbon and nitrogen in bone collagen: case studies from recent and ancient terrestrial ecosystems[END_REF][START_REF] Deniro | Postmortem preservation and alteration of in vivo bone collagen ratios in relation to palaeodietary reconstruction[END_REF]Epstein, 1978, 1981;[START_REF] Salesse | Archéo-biogéochimie isotopique, reconstitutions des régimes alimentaires et des schémas de mobilité, et interactions bio-culturelles. Les sépultures plurielles de la région X de la catacombe des Saints Pierre-et-Marcellin (Rome, I er -III e s. ap[END_REF][START_REF] Schoeninger | Nitrogen and carbon isotopic composition of bone collagen from marine and terrestrial animals[END_REF]. Therefore, δ 13 C col and δ 15 N col values, when used in conjunction with one another, provide semiindependent lines of evidence for understanding an individual's trophic position in a precise ecosystem. However, many environmental parameters (e.g., [START_REF] Hobbie | Foliar nitrogen concentrations and natural abundance of 15 N suggest nitrogen allocation patterns of Douglas-fir and mycorrhizal fungi during development in elevated carbon dioxide concentration and temperature[END_REF][START_REF] Stewart | 13 C natural abundance in plant communities along a rainfall gradient: a biological integrator of water availability[END_REF], cultural factors (e.g., [START_REF] Fraser | Manuring and stable nitrogen isotope ratios in cereals and pulses: towards a new archaeobotanical approach to the inference of land use and dietary practices[END_REF]Warinner and Tuross, 2009) and physiological processes (e.g., [START_REF] Ambrose | Reconstruction of African human diet using bone collagen carbon and nitrogen isotope ratios[END_REF][START_REF] Fuller | Nitrogen balance and δ 15 N: why you're not what you eat during pregnancy[END_REF][START_REF] Mekota | Identifying starvation episodes using stable isotopes in hair[END_REF]Waters-Rist and Katzenberg, 2010) may influence the isotopic signatures in different ways and make dietary reconstruction a challenge.

The health condition of a person can affect appetite and dietary habits, as well as metabolism, which controls the assimilation of macronutrients. Fair or poor health status may result in isotopic offsets and significantly modify the isotopic signatures recorded in proteinaceous tissues (e.g., [START_REF] Fuller | Nitrogen balance and δ 15 N: why you're not what you eat during nutritional stress[END_REF][START_REF] Mekota | Serial analysis of stable nitrogen and carbon isotopes in hair: monitoring starvation and recovery phases of patients suffering from anorexia nervosa[END_REF][START_REF] Petzke | Nitrogen isotopic composition in hair protein is different in liver cirrhotic patients[END_REF]. Surprisingly, pathology-influenced isotopic fractionation in bone collagen has been poorly explored in both archaeological and modern material (for detailed reviews on this topic, see [START_REF] Reitsema | Beyond diet reconstruction: stable isotope applications to human physiology, health, and nutrition[END_REF], [START_REF] Richards | Isotope analysis and paleopathology: a short review and future developments[END_REF]). Thus far, only one study from clinically documented human skeletal remains has been published by [START_REF] Katzenberg | Stable isotope variation in pathological bone[END_REF]. This pioneering work was explorative, which explains the restricted number of individuals sampled (n=7). It aimed at examining the bone collagen responses to pathological conditions and changes in δ 13 C col and δ 15 N col values for various bone disorders: i.e., atrophy, fracture, periostitis and osteomyelitis. The authors indicate that three pathological lesions engendered stable isotope shifts. Osteomyelitis led to an increase of the δ 15 N col values (~2‰), whereas post-paralytic atrophy and healed fracture were associated with limited isotopic changes compared to defined normal variation. Despite calls to replicate the study on additional bone disorders (e.g., [START_REF] Richards | Isotope analysis and paleopathology: a short review and future developments[END_REF], it has never been repeated.

Hence, investigations to determine whether, and to what extent, treponemal diseases, and more specifically syphilis, influence stable isotope signatures in bone collagen is currently missing.

The few studies include isotopic data of individuals with syphilis are based on archaeologicallyderived skeletal material [START_REF] Dent | Interindividual differences in embodied marginalization: Osteological and stable isotope analyses of antebellum enslaved individuals[END_REF][START_REF] Mays | Two probable cases of treponemal disease of medieval date from England[END_REF][START_REF] Mays | A possible case of treponemal disease from England dating to the 11th-12th century AD[END_REF][START_REF] Olsen | A multi-isotope investigation of two medieval german populations: insight into the relationship among diet, disease, and tissue isotopic compositions[END_REF][START_REF] Olsen | Interpretive limitation of bone collagen nitrogen-isotope ratios: preliminary insights from a dataset for subadults[END_REF][START_REF] Rissech | A Roman skeleton with possible Treponematosis in the north-east of the Iberian peninsula: a morphological and radiological study[END_REF][START_REF] Roberts | Isotopic tracing of the impact of mobility on infectious disease: The origin of people with treponematosis buried in Hull, England, in the late medieval period[END_REF][START_REF] Santos | Treponematosis in Pre-Columbian Jamaica: a biocultural approach to the human cranium found in Bull Savannah[END_REF][START_REF] Schwarz | Pre-Columbian treponemal infection in Denmark?-a paleopathological and archaeometric approach[END_REF]. Only two works paid attention to the potential alteration of the original stable isotope values due to the health condition of the sampled individuals [START_REF] Dent | Interindividual differences in embodied marginalization: Osteological and stable isotope analyses of antebellum enslaved individuals[END_REF][START_REF] Olsen | A multi-isotope investigation of two medieval german populations: insight into the relationship among diet, disease, and tissue isotopic compositions[END_REF][START_REF] Olsen | Interpretive limitation of bone collagen nitrogen-isotope ratios: preliminary insights from a dataset for subadults[END_REF]. [START_REF] Dent | Interindividual differences in embodied marginalization: Osteological and stable isotope analyses of antebellum enslaved individuals[END_REF] showed that the δ 13 C col values of the putative individuals with syphilis (n=2) did not differ from the rest of the sample, whereas the δ 15 N col values were lower. The study initiated by [START_REF] Olsen | Interpretive limitation of bone collagen nitrogen-isotope ratios: preliminary insights from a dataset for subadults[END_REF] and extended by [START_REF] Olsen | A multi-isotope investigation of two medieval german populations: insight into the relationship among diet, disease, and tissue isotopic compositions[END_REF] revealed that dentin δ 13 C col values of presumptive individuals with syphilis (n=4) were slightly higher than those of rib δ 13 C col values (~0.4‰), while no significant difference in intra-skeletal δ 15 N col values were observed. It appears from the literature that no clear isotopic pattern for syphilis emerges and that there is a need for an in-depth examination.

This paper aims to better understand the effects of tertiary syphilis on δ 13 C col and δ 15 N col values.

To achieve this objective, individuals with and without syphilis (n=19) dating from 19th c. A.D. from the pathological-anatomical reference collection (the Jedlička collection) of the National Museum in Prague (Czech Republic) have been used.

Stable Isotope Analysis Principles

1989). As nitrogen from dietary intake comes from proteins exclusively, the collagen δ 15 N values accordingly reflect the protein fraction of diet [START_REF] Schwarcz | Stable isotope analyses in human nutritional ecology[END_REF]. The nitrogen balance of an organism was proved to impact nitrogen isotopic variation in the contexts of eating disorders and pregnancy among humans, as well as in a number of controlled-feeding experiments on different animal species [START_REF] Richards | Isotope analysis and paleopathology: a short review and future developments[END_REF][START_REF] Reitsema | Beyond diet reconstruction: stable isotope applications to human physiology, health, and nutrition[END_REF]. A negative nitrogen balance results from efforts by the organism to compensate for protein insufficiency by catabolising its own tissues. Recycled body tissues repeat the fractionating processes of transamination and deamination, leaving the body tissues of a stressed individual more enriched in 15 N [START_REF] Reitsema | Beyond diet reconstruction: stable isotope applications to human physiology, health, and nutrition[END_REF]. However, some studies observed exceptions to this pattern, suggesting the existence of a threshold level of stress below which δ 15 N values are unaffected [START_REF] Hatch | The use and application of stable isotope analysis to the study of starvation, fasting, and nutritional stress in animals[END_REF]. Interestingly, increased bioavailability of protein -caused either by an excess of protein in the diet or by a physiological issue -has a similar impact on δ 15 N values. This is due to deamination resulting from the efforts of the organism to discharge the protein surplus [START_REF] Sponheimer | Nitrogen isotopes in mammalian herbivores: hair δ 15 N values from a controlled feeding study[END_REF][START_REF] Reitsema | Beyond diet reconstruction: stable isotope applications to human physiology, health, and nutrition[END_REF]. In contrast to nitrogen, the origin of carbon atoms from collagen has been the subject of much debate since the latter might be obtained from dietary proteins or other ingested macronutrients under certain conditions [START_REF] Sillen | Chemistry and paleodietary research: no more easy answers[END_REF]. The essential AAs (eAAs) contribute ~22% of the carbon atoms in the collagen structure. As eAAs cannot be indigenously generated, they must be assimilated whole -or as skeletons to be transaminated -from the protein fraction of diet, and their isotopic composition is directly inherited from the ingested foods. The remaining ~78% of carbon atoms in collagen is contributed by non-essential AAs (neAAs). There are many pathways for the synthesis of neAAs in the body, with or without dietary input. The composition of the internal metabolic pools of carbon used to build up the neAAs has been long discussed [START_REF] Burleigh | Studies on Amerindian dogs, 1: carbon isotopes in relation to maize in the diet of domestic dogs from early Peru and Ecuador[END_REF][START_REF] Van Der Merwe | Carbon isotopes, photosynthesis, and archaeology[END_REF][START_REF] Krueger | Models for carbon isotope fractionation between diet and bone[END_REF][START_REF] Ambrose | Experimental evidence for the relationship of the carbon isotope ratios of whole diet and dietary protein to those of bone collagen and carbonate[END_REF]. Based on results from controlled animal feeding experiments, recent modelling studies proposed relatively fixed contributions of carbon from protein and energy (lipid and carbohydrate) fractions of diet to collagen [START_REF] Craig | Evaluating marine diets through radiocarbon dating and stable isotope analysis of victims of the AD79 eruption of Vesuvius[END_REF][START_REF] Fernandes | Macronutrient-based model for dietary carbon routing in bone collagen and bioapatite[END_REF][START_REF] Froehle | Focus: effect of diet and protein source on carbon stable isotope ratios in collagen: follow up to Warinner and Tuross (2009)[END_REF]. For instance, an energetic contribution of 26 ± 4% was assumed by [START_REF] Fernandes | Macronutrient-based model for dietary carbon routing in bone collagen and bioapatite[END_REF]. Furthermore, controlled feeding studies highlighted that under condition of low protein intake, neAAs concentrations in extracellular fluids could decrease below the threshold that is required to activate the enzymes to form the needed neAAs for collagen synthesis [START_REF] Ambrose | Experimental evidence for the relationship of the carbon isotope ratios of whole diet and dietary protein to those of bone collagen and carbonate[END_REF][START_REF] Hare | The isotopic composition of carbon and nitrogen in individual amino acids isolated from modern and fossil proteins[END_REF][START_REF] Howland | Expression of the dietary isotope signal in the compound-specific δ 13 C values of pig bone lipids and amino acids[END_REF][START_REF] Jim | Stable carbon isotopic evidence for differences in the dietary origin of bone cholesterol, collagen and apatite: implications for their use in palaeodietary reconstruction[END_REF][START_REF] Tieszen | Effect of diet quality and composition on the isotopic composition of respiratory CO 2 , bone collagen, bioapatite, and soft tissues[END_REF]Warinner and Tuross, 2009). Consequently, substantial amounts of carbon deriving from dietary carbohydrates, and to a lesser extent from dietary lipids, may influence the isotopic composition of collagen [START_REF] Schwarcz | Some biochemical aspect of carbon isotopic paleodiet studies[END_REF]. Experimental studies involving nutritionally stressed animals have also shown that carbon in proteinaceous tissues could derive from non-protein dietary sources [START_REF] Podlesak | Metabolic routing of dietary nutrients in birds: effects of diet quality and macronutrient composition revealed using stable isotopes[END_REF][START_REF] Polischuk | Use of stable-carbon and -nitrogen isotopes to assess weaning and fasting in female polar bears and their cubs[END_REF][START_REF] Robb | The influence of food quantity on carbon and nitrogen stable isotope values in southern African spiny mice (Acomys spinosissimus)[END_REF]Williams et al., 2007). Thus, under conditions of nutritional restrictions, the collagen δ 13 C values of humans could be better correlated with whole diet. Thus, the typical reaction of an organism to nutritional stress or disruption of protein metabolism appears to be: 1) an increase of δ 15 N col values, mainly as a result of protein catabolism; and 2) a decrease of δ 13 C col values, as a result of the endogenous synthetization of AAs and the mobilization of fat stores [START_REF] Schwarcz | Some biochemical aspect of carbon isotopic paleodiet studies[END_REF][START_REF] Mekota | Serial analysis of stable nitrogen and carbon isotopes in hair: monitoring starvation and recovery phases of patients suffering from anorexia nervosa[END_REF][START_REF] Neuberger | Signs of malnutrition and starvation-Reconstruction of nutritional life histories by serial isotopic analyses of hair[END_REF]. Here, we propose to explore, taking into account the symptoms of tertiary syphilis, if this disease influences the protein metabolism of the afflicted individuals significantly enough to provoke systemic isotopic response in the slow remodeling tissue of bone collagen.

Skeletal Manifestation of Syphilis

Syphilis is a chronic and multistage disease caused by Treponema pallidum subsp. pallidum, a bacterium classified under the Spirochaetaceae family [START_REF] De Melo | Syphilis at the crossroad of phylogenetics and paleopathology[END_REF][START_REF] Hackett | On the origin of the human treponematoses: pinta, yaws, endemic syphilis and venereal syphilis[END_REF].

Controversy surrounds the origin and antiquity of this disease. A plethora of papers proposing numerous hypotheses on these topics has been generated but failed to end the debate [START_REF] Aufderheide | The Cambridge encyclopedia of human paleopathology[END_REF][START_REF] Baker | The origin and antiquity of syphilis: paleopathological diagnosis and interpretation [and comments and reply[END_REF][START_REF] Blondiaux | La paléopathologie des tréponématoses[END_REF][START_REF] Crane-Kramer | Was there medieval diagnostic confusion between leprosy and syphilis? An examination of the skeletal evidence[END_REF][START_REF] Crosby | The Columbian exchange: biological and cultural consequences of 1492[END_REF][START_REF] Dutour | L'origine de la syphilis en Europe: avant ou après 1493?[END_REF][START_REF] Gaul | A probable case of congenital syphilis from pre-Columbian Austria[END_REF][START_REF] Guerra | The dispute over syphilis. Europe versus America[END_REF][START_REF] Harper | The origin and antiquity of syphilis revisited: an appraisal of Old World pre-Columbian evidence for treponemal infection[END_REF][START_REF] Harrison | Origin of syphilis[END_REF][START_REF] Quétel | History of syphilis[END_REF][START_REF] Rothschild | History of syphilis[END_REF]Wood, 1978;Zuckerman et al., 2016). For a brief history of the disease in the Czech lands, the reader is encouraged to consult the works of [START_REF] Mikalová | Comparative genomics of Treponema pallidum subspecies and molecular diagnostics of syphilis in the Czech Republic[END_REF] and Vargová et al. (2017). Of interest is the geographical and climatic area of the Czech lands. Located in the mild climatic zone of central Europe, it is assumed that only venereal syphilis occurs, either in its acquired (i.e. sexually transmitted) or congenital form (Vargová et al., 2017). The causative agent of syphilis was discovered in 1905 [START_REF] Schaudinn | Vorläufiger bericht über das vorkommen von spirochaeten in syphilitischen krankheitsprodukten und bei papillomen[END_REF]. Up until 1909, the year of the discovery of the antisyphilitic effects of arsenicals, mercury was the mainstay of treatment for syphilis [START_REF] Forrai | History of different therapeutics of venereal disease before the discovery of penicillin[END_REF][START_REF] O'shea | Two minutes with venus, two years with mercury' -mercury as an antisyphilitic chemotherapeutic agent[END_REF]. Arsenic compounds were widely used in Europe until they were superseded by penicillin in the 1940s [START_REF] Douglas | Penicillin treatment of syphilis[END_REF][START_REF] Mahoney | Penicillin treatment of early syphilis[END_REF]Stokes et al., 1944).

Based on clinical findings, syphilis has been divided into three progressive stages: i.e. primary, secondary, and tertiary [START_REF] Lafond | Biological basis for syphilis[END_REF][START_REF] Radolf | Immunology of syphilis[END_REF]. Clinical data has established that approximately 20-50% of untreated cases of venereal syphilis progress to the tertiary stage (Aufderheide and Rodriguez-Martín, 1998). Although transient cranial periostitis may appear during the secondary stage of syphilis, the majority of bone changes appear during the tertiary stage [START_REF] Harper | The origin and antiquity of syphilis revisited: an appraisal of Old World pre-Columbian evidence for treponemal infection[END_REF][START_REF] Ortner | Identification of pathological conditions in human skeletal remains[END_REF]. Syphilis, as other treponemal diseases, leaves an osseous signature, most prominently marked by periosteal reaction, tibial remodeling and, occasionally, by bone destruction, referred to as gumma [START_REF] Rothschild | Treponemal disease revisited: skeletal discriminators for yaws, bejel, and venereal syphilis[END_REF]. The tibia followed by the nasal-palatal area and the cranial vault appear to be the bones affected most often [START_REF] Buckley | The distribution of skeletal lesions in treponemal disease: is the lymphatic system responsible?[END_REF][START_REF] Fournier | Traité de la syphilis[END_REF][START_REF] Ortner | Identification of pathological conditions in human skeletal remains[END_REF][START_REF] Marden | A case of treponematosis from pre-Columbian Chaco Canyon, New Mexico[END_REF][START_REF] Cook | Treponematosis: past, present and future[END_REF].

Materials

For this study, we had access to the Jedlička collection curated at the depositories of the Department of Anthropology of the National Museum in Prague. The collection consists of about 6,000 anatomical preparations of soft and hard tissue disorders gathered between approximately 1840 and 1950 during clinical human dissections. It contains unique manifestations of inflammatory and infectious bone diseases from the pre-antibiotic era, as well as numerous examples of skeletal abnormalities, bone damage, and other osteological changes. In most instances, the medical diagnoses have been made on living patients. Clinical reports and medical publications describing the anatomized cases have been preserved to this day. Recently, an exhaustive review of all the pathological dry bones has been performed and confirmed the previous diagnoses of the diseases.

The remarkable pathological cases on upper and lower extremities and their differential diagnoses have been published in a peer-reviewed atlas by [START_REF] Smrčka | Atlas chorob na kostních preparátech: horní a dolní končetiny[END_REF].

We selected bones belonging to ten individuals with syphilis and nine without the disease. The relatively limited number of samples can be explained by the status of the Jedlička materials. As a museum collection, long-term safety and sustainability regulations protect these pathologicalanatomical preparations. Since sampling is destructive, the research agreement restricted sampling of the bone in order to protect their museum value. Hence, multisampling of individuals with syphilis to understand intra-skeletal or intra-bone isotopic variations and perhaps short-term dietary changes was not achievable. First, bones with pathological lesions are generally the only skeletal segments preserved from the anatomized individuals. Second, the preserved bones display extensive lesions (gumma, periosteal reactive bone, etc.) intended to be used for teaching. Sampling areas of bone macroscopically unaffected by pathological change was virtually impossible.

The ten sampled pathological bones are all tibiae (Table 1) and present identifiable macroscopic lesions of tertiary syphilis (cf. Fig. 1). Only periosteal lesions have been targeted for sampling. Six of these cases (AJ2913, AJ2914, AJ2918, AJ2943, AJ3155 and AJ3162) are described in [START_REF] Ortner | Identification of pathological conditions in human skeletal remains[END_REF] and [START_REF] Smrčka | Atlas chorob na kostních preparátech: horní a dolní končetiny[END_REF]. The group displaying syphilis comprises one subadult and nine adults (Table 1). The biological sex is reported only for three individuals, i.e. one male and two females (Table 1). All these sampled cases date from the second half of the 19 th c. A.D., corresponding to the era preceding the application of penicillin therapy.

The nine bones without syphilitic lesions constitute a negative control group. No conditions except healed fractures are recorded in clinical documents and are visible on the selected bones. The control groups consists of femora only (Table 1). The bone sections sampled are distant to any recorded lesions. Seven of the control cases (AJ2863, AJ2877, AJ3297, AJ3298, AJ3300, AJ3306 and AJ3312) are published in [START_REF] Smrčka | Atlas chorob na kostních preparátech: horní a dolní končetiny[END_REF]. This group contains seven adult males and two adult females (Table 1). All these individuals have been anatomized between 1847 and 1896 (Table 1).

Remodeling rates of cortical bone may substantially vary between the different skeletal segments [START_REF] Cox | Investigating identity and life histories: isotopic analysis and historical documentation of slave skeletons found on the Cape Town foreshore, South Africa[END_REF][START_REF] Hedges | Collagen turnover in the adult femoral mid-shaft: modeled from anthropogenic radiocarbon tracer measurements[END_REF][START_REF] Manolagas | Birth and death of bone cells: basic regulatory mechanisms and implications for the pathogenesis and treatment of osteoporosis[END_REF][START_REF] Shagina | Cortical bone resorption rate in elderly persons: estimates from long-term in vivo measurements of 90 Sr in the skeleton[END_REF][START_REF] Valentin | Basic anatomical and physiological data for use in radiological protection: reference values: ICRP Publication 89[END_REF]. However, according to [START_REF] Ruff | Sex differences in age-related remodeling of the femur and tibia[END_REF], it can be demonstrated that the tibia and femur have similar average bone remodeling rates, regardless the sex of the individuals and the bone areas under study (~4.1-4.5% per decade for cortical bone). The δ 13 C col and δ 15 N col values acquired from tibiae of individuals with syphilis and femora of individuals without syphilis are therefore worthy of comparison. However, bone remodeling process can be altered by certain bone disorders [START_REF] Feng | Disorders of bone remodeling[END_REF][START_REF] Ortner | Identification of pathological conditions in human skeletal remains[END_REF]. In the case of tertiary syphilis, remodeling rates of affected bone areas can greatly increase and engender thickening of the cortical bone. Bone changes attributed to syphilis may develop and be remodeled throughout the tertiary stage [START_REF] Ortner | Identification of pathological conditions in human skeletal remains[END_REF].

Methods

Bone collagen preparation and isotope measurements

Sampled bone was cleaned using a tungsten carbide drill bit to retain compact parts. Bone fragments were crushed into a powder using a ball mill, and particles ranging between 0.3 and 0.7 mm were collected. Prior to collagen extraction, bone powder samples were defatted according to the protocol developed by [START_REF] Kates | Techniques of lipidology: analysis and identification of lipids[END_REF] and tested by [START_REF] Liden | The effects of lipids in stable carbon isotope analysis and the effects of NaOH treatment on the composition of extracted bone collagen[END_REF]. Powdered bone was soaked in 10 mL of a methanol-chloroform mixture (2:1, v/v) and placed in an ultrasonic bath. After 10 minutes, the supernatant containing lipids was discarded and the solution was renewed. This step was repeated several times until there was complete elimination of fatty acids and their derivatives.

Then, the samples were thoroughly rinsed and oven-dried at 65°C for 7 hours. Bone collagen was extracted following the protocol of [START_REF] Longin | New method of collagen extraction for radiocarbon dating[END_REF], which was adapted by [START_REF] Deniro | Influence of diet on the distribution of nitrogen isotopes in animals[END_REF] and [START_REF] Bocherens | Premières mesures d'abondances isotopiques naturelles en 13 C et en 15 N de la matière organique fossile de dinosaure. Application à l'étude du régime alimentaire du genre Anatosaurus (Ornithischia, Hadrosauridae)[END_REF][START_REF] Bocherens | Isotopic biogeochemistry ( 13 C, 15 N) of fossil vertebrate collagen: application to the study of a past food web including Neandertal man[END_REF]. Bone powder samples (≈ 200 mg) were decalcified in 40 ml of 1 M hydrochloric acid at room temperature for 20 minutes. Gelatins were retrieved by filtration via Fisherbrand membranes (0.5 μm pores), rinsed, and then placed into 0.125 M sodium hydroxide at room temperature for 20 hours to remove fulvic and humic acids. The samples were filtered as previously described and rinsed. Gelatins were subsequently solubilized in 0.01 M hydrochloric acid at 100°C for 17 hours and filtered using a 5-8 mm Ezee-filter to trap possible impurities. Finally, collagen samples were freeze-dried at -110°C for a minimum of 48 hours and extraction yields (%Col) were calculated (expressed as a weight percentage, wt.%). Bone preparations and chemical treatments were conducted at the Department of Anthropology of the National Museum in Prague.

Bone collagen samples were analyzed for δ 13 C col and δ 15 N col using a Europa Scientific Roboprep elemental analyzer coupled with a Europa Scientific 20-20 isotope ratio monitoring mass spectrometer at Iso-Analytical Limited (Crewe, UK). Duplicate measurements were performed on 20% of samples to test reproducibility. International and in-house standards (IA-R042: NBS-1577B, IA-R038: L-alanine, IA-R006/IA-R046: mixture of cane sugar and ammonium sulfate) were also analyzed for quality control. Carbon and nitrogen contents of samples are expressed as percentages.

Measurement errors calculated from 14 duplicates of the IA-R042 standard were ±2.49 (1σ) for %C and ±0.55 (1σ) for %N. Weight percent carbon and nitrogen were used to calculate atomic C:N ratios.

The δ 13 C col and δ 15 N col values were reported as per mil (‰) deviation relative to VPDB and AIR, respectively. Analytical errors calculated from 28 duplicates of the three standards were better than ±0.10‰ (1σ) for δ 13 C col and ±0.14‰ (1σ) for δ 15 N col .

Collagen quality indicators

In modern bones, extraction yields are around 20.4 ± 3.9 wt% (1σ) [START_REF] Bocherens | Isotopic biogeochemistry ( 13 C, 15 N) of fossil vertebrate collagen: application to the study of a past food web including Neandertal man[END_REF], and samples containing less than 1 wt.% of collagen are considered unreliable [START_REF] Dobberstein | Archaeological collagen: why worry about collagen diagenesis?[END_REF][START_REF] Van Klinken | Bone collagen quality indicators for palaeodietary and radiocarbon measurements[END_REF]. Moreover, carbon and nitrogen contents of modern bone range from 15.3 to 47% and from 5.5 to 17.3%, respectively [START_REF] Ambrose | Preparation and characterization of bone and tooth collagen for isotopic analysis[END_REF]. Bone collagen samples with carbon and nitrogen contents below 13% and 4.8%, respectively, are generally recognized as severely altered [START_REF] Ambrose | Preparation and characterization of bone and tooth collagen for isotopic analysis[END_REF][START_REF] Garvie-Lok | Loaves and fishes: a stable isotope reconstruction of diet in medieval Greece[END_REF][START_REF] Iacumin | Stable carbon and nitrogen isotopes as dietary indicators of ancient Nubian populations (Northern Sudan)[END_REF][START_REF] Reitsema | Stable carbon and nitrogen isotope analysis of human diet change in prehistoric and historic Poland[END_REF][START_REF] Van Klinken | Bone collagen quality indicators for palaeodietary and radiocarbon measurements[END_REF]. Finally, atomic C:N ratios of modern bones are generally around 3.2-3.3 [START_REF] Ambrose | Preparation and characterization of bone and tooth collagen for isotopic analysis[END_REF][START_REF] Van Klinken | Bone collagen quality indicators for palaeodietary and radiocarbon measurements[END_REF], but can vary between 2.9 and 3.6 [START_REF] Deniro | Postmortem preservation and alteration of in vivo bone collagen ratios in relation to palaeodietary reconstruction[END_REF], and samples presenting values below or above these thresholds indicate alteration or contamination [START_REF] Ambrose | Preparation and characterization of bone and tooth collagen for isotopic analysis[END_REF][START_REF] Deniro | Chemical, enzymatic and spectroscopic characterization of ''collagen'' and other organic fractions from prehistoric bones[END_REF][START_REF] Grupe | Archaeological microbiology[END_REF]. Samples that fail to pass any of these criteria must be withdrawn from the study [START_REF] Salesse | Variability of bone preservation in a confined environment: the case of the catacomb of Sts Peter and Marcellinus (Rome, Italy)[END_REF][START_REF] Salesse | Archéo-biogéochimie isotopique, reconstitutions des régimes alimentaires et des schémas de mobilité, et interactions bio-culturelles. Les sépultures plurielles de la région X de la catacombe des Saints Pierre-et-Marcellin (Rome, I er -III e s. ap[END_REF].

Results

The collagen quality indicators, as well as the isotopic results for the individuals with syphilis and those without are presented in Table 1. Collagen was successfully extracted from all of the bone samples. Collagen extraction yields vary between 17.6 and 26.3 wt.% (mean = 23.3 ± 1.9 wt.%, 1σ), and all exceed the minimum threshold of 1 wt.% indicating a satisfactory sample preservation. With values between 41.2 and 45.9% (mean = 44.3 ± 1.4%, 1σ) and 14.5 and 16.7% (mean = 15.9 ± 0.6%, 1σ), carbon and nitrogen values fall in the upper part of the reference range for well-preserved collagen samples. The atomic C:N ratios fluctuate between 3.2 and 3.5 (mean = 3.2 ± 0.1%, 1σ), which is well within the acceptable range of variation for unaltered and uncontaminated collagen samples. The collagen extracts of individuals with syphilis and those without met all the criteria for good-quality collagen described above. Isotopic results of both groups of individuals can be considered reliable and used for data analysis and interpretation.

The δ 13 C col values of the individuals with syphilis range from -20.5 to -19.1‰ (mean = -20.0 ± 0.4‰, 1σ), while the δ 15 N col values range from 9.1 to 13.1‰ (mean = 11.4 ± 1.1‰, 1σ) (Fig. 2). The δ 13 C col and δ 15 N col values of the control group range from -20.3 to -19.5‰ (mean = -19.7 ± 0.3‰, 1σ) and from 10.4 to 12.3‰ (mean = 11.4 ± 0.7‰, 1σ), respectively (Fig. 2). The diseased and control groups have significantly different mean δ 13 C col values (Mann-Whitney U test; W = 18, Z = -2.18, pvalue = 0.03). On average, the individuals with syphilis exhibit lower δ 13 C col values than those without the disease (Fig. 2). The mean difference between these two groups is 0.3‰. In contrast, there is no significant difference in δ 15 N col values between these two groups (Mann-Whitney U test; W = 42, Z = -0.21, p-value = 0.83). The mean δ 15 N col values of both groups are identical (Fig. 2).

The individuals with syphilis exhibit a slightly greater dispersion of their δ 13 C col values (s² = 0.2; σ = 0.4‰) compared to the control group (s² = 0.1; σ = 0.3‰). Similarly, the variability of the δ 15 N col values in the group with the disease are much larger (s² = 1.2; σ = 1.1‰) than the values in the control group (s² = 0.4; σ = 0.7‰). This is mainly due to the presence of individuals with syphilis (AJ2918 and AJ3162) presenting the most atypical combinations of isotopic values. Specifically, AJ2918 presents the lowest δ 15 N col value (9.1‰) while AJ3162 has the highest δ 13 C col and δ 15 N col values (-19.1‰ and 13.1‰, respectively) of all the sampled individuals. When AJ2918 and AJ3162 are removed from the sample, the dispersion of the δ 13 C col values in the diseased group becomes extremely low (s² = 0.1; σ = 0.2‰). In this case, the diseased and control groups still have significantly different mean δ 13 C col values (Mann-Whitney U test; W = 9, Z = -2.58, p-value = 0.01). The discrepancy between mean δ 13 C col values increased to 0.4‰. In contrast, the difference in δ 15 N col values between these two groups is still not significant (Mann-Whitney U test; W = 33, Z = -0.24, pvalue = 0.80).

Discussion

To understand the observed isotopic pattern of the individuals with syphilis, sources of isotopic variation must be explored: 1) postmortem contamination of collagen extracts by embalming or biocidal products; 2) different diets based on biological and socioeconomic parameters; and 3) changes in protein metabolism related to the pathological condition itself or its therapy.

Diagenetic alteration can be easily ruled out since the sampled bones were never buried. If postmortem contamination was present, it would have occurred only through embalming solutions used for preserving dissected specimens or biocides used for removing soft tissues on processed bone segments. Unfortunately, documentation does not provide information on the products employed for tissue processing or preservation. However, embalming mixtures and cleaning agents present complex chemical compositions with carbon-rich but nitrogen-poor compounds [START_REF] Brenner | Human body preservation -old and new techniques[END_REF][START_REF] Mcdonnell | Antiseptics and disinfectants: activity, action, and resistance[END_REF][START_REF] Van Sint Jan | The thenar muscles[END_REF]. Serious contamination affecting collagen integrity and causing shifts in isotopic values can be dismissed since all the sampled bones show collagen quality indicators akin to those of unaltered modern or fresh bones. Nevertheless, minor contamination particularly affecting collagen carbon contents or atomic C:N ratios, while still remaining inside the acceptable ranges of variation, might be the source of slight modification of the biogenic isotopic signals. However, an in-depth investigation of these indicators refutes the hypothesis that contamination occurred due to embalming or biocidal products. All bone collagen samples show a very limited dispersion of carbon contents (mean = 44.3 ± 1.4%, 1σ). Samples from patients with syphilis present more restricted distributions of carbon concentrations (mean = 44.8 ± 1.1%, 1σ) than samples from unaffected individuals (mean = 43.7% ± 1.6%, 1σ). Additionally, the atomic C:N ratios of the samples are consistent (mean = 3.2 ± 0.1%, 1σ) and no aberrant enrichment of carbon atoms appears compared to nitrogen contents. Furthermore, no significant relationship between collagen carbon contents or atomic C:N ratios and δ 13 C col values is observed at group levels (R² ≤ 0.2). Finally, there is no relationship between the δ 13 C col values and dates of dissection (R² = 0.08). Such a relationship would have been expected if contaminating products had changed over time (Fig. 3). Therefore, the discrepancy regarding the δ 13 C col values between the individuals with syphilis and those without cannot be explained by minor postmortem contamination and/or different chemical treatments of processed cadavers and bones. These results are similar to the conclusions of [START_REF] Urzel | Apport de la résonance magnétique nucléaire des solides à la caractérisation chimique et à la datation des os en anthropologie médico-légale[END_REF], who established through solid-state 13 C nuclear magnetic resonance spectroscopy that embalming solutions and biocidal agents did not change the physicochemical properties of the bone samples, and that no accumulation of exogenous carbon atoms was perceptible in the collagen matrix.

Differential access to food by the sampled individuals should be also explored. The shift in δ 13 C col without a corresponding deviation in δ 15 N col observed between these two human groups from the same geographic area might be explained by different compositions of C 3 /C 4 plant portions in diet, or by consumption of various plants within a C 3 plant spectrum [START_REF] Deniro | Influence of diet on the distribution of carbon isotopes in animals[END_REF][START_REF] Cernusak | Why are non-photosynthetic tissues generally 13 C enriched compared with leaves in C 3 plants? Review and synthesis of current hypotheses[END_REF][START_REF] Sjögren | Modeling middle Neolithic funnel beaker diet on Falbygden, Sweden[END_REF]. Differential access to food due to socioeconomic status has been frequently highlighted in isotopic studies (e.g. [START_REF] Herrscher | Normes alimentaires et déterminants socio-culturels dans le nord de la Gaule romaine : apport de l'analyse isotopique d'ossements humains et animaux du site du Clos au Duc à Évreux (27)[END_REF][START_REF] Kaupová | Diet in transitory society: isotopic analysis of medieval population of Central Europe (ninth-eleventh century AD, Czech Republic)[END_REF][START_REF] Linderholm | Stable isotope analysis of a medieval skeletal sample indicative of systemic disease from Sigtuna Sweden[END_REF][START_REF] Reitsema | Stable isotope evidence for sex-and status-based variations in diet and life history at medieval Trino Vercellese, Italy[END_REF]. Available medical documentation does not provide much information about occupation or social class of the sampled individuals. However, based on reports from the Faculty of Medicine, as well as from the general hospital (1875, 1881, 1885, 1890, 1895 and 1899) in Prague, brief insight into patients suffering from syphilis during the second half of the 19 th c. A.D. can be made. It appears that the incidence of syphilis from 1875 to 1899 varied between 150 to 950 new cases per year, with a mean of 550 annual cases [START_REF] Kružicová | Dějiny dermatovenerologie na pražských lékařských fakultách v letech 1790-1945[END_REF]. The afflicted patients were primarily from the working class [START_REF] Brázdová | Prostitution in Prague at the turn of the 19th-20th century and its echoes in a literature Charles University[END_REF][START_REF] Kružicová | Dějiny dermatovenerologie na pražských lékařských fakultách v letech 1790-1945[END_REF].

Anatomized subjects who were included in the Jedlička collection were likely individuals from the lowest socioeconomic classes. Cadaver procurement among the poor and marginalized segments of society was a common practice across Europe [START_REF] Ghosh | Human cadaveric dissection: a historical account from ancient Greece to the modern era[END_REF][START_REF] Mitchell | The study of anatomy in England from 1700 to the early 20th century[END_REF][START_REF] Richardson | Death, dissection and the destitute[END_REF].

Based on these elements we can assert that the socioeconomic background is not a parameter explaining the discrepancy between the two groups with regard to the δ 13 C col values. Furthermore, it has been established that no physiological basis for the incorporation of the carbon and nitrogen atoms into bone collagen exists associated with age or sex differences among adults [START_REF] Deniro | Stable carbon and nitrogen isotope ratios of bone collagen: variations within individuals, between sexes, and within populations raised on monotonous diets[END_REF][START_REF] Lovell | Carbon isotope ratios in palaeodiet: lack of age or sex effect[END_REF]. However, age-and sex-related variation of δ 13 C col and δ 15 N col values are often observed within human populations due to other factors influencing food choices, such as preferential access of males or females to certain food groups [START_REF] Prowse | Diet and dental health through the life course in Roman Italy[END_REF][START_REF] Reitsema | Stable isotope evidence for sex-and status-based variations in diet and life history at medieval Trino Vercellese, Italy[END_REF][START_REF] Reitsema | Beyond diet reconstruction: stable isotope applications to human physiology, health, and nutrition[END_REF]. The sex and age clusters within the individuals with syphilis and those without are too small to allow statistical testing. However, visual inspection of these groups does not reveal an obvious relationship between age or sex categories and isotopic values (Figs. 4 and5). This could cautiously suggest that neither biological profile -at least sex and age at deathnor socioeconomic background of the sampled individuals, influenced the access to food resources and subsequently the distribution of the δ 13 C col and δ 15 N col values.

Nevertheless, it is possible that the food choices of the individuals could have been modified as a part of a medical treatment. Treatises on syphilis from the 19 th c. A.D. indicate that some patients were put on strict diets during the course of medical treatment (e.g., [START_REF] Colles | Selections from the works of Abraham Colles: consisting chiefly of his practical observations on the venereal disease and on the use of mercury[END_REF][START_REF] Cooper | Syphilis[END_REF][START_REF] Egan | Syphilitic diseases: their pathology, diagnosis, and treatment including experimental researches on inoculation as a differential agent in testing the character of these affections[END_REF][START_REF] Fournier | Traité de la syphilis[END_REF][START_REF] Hutchinson | Syphilis[END_REF][START_REF] Keyes | The tonic treatment of syphilis[END_REF][START_REF] Lagneau | Traité pratique des maladies syphilitiques[END_REF]. These diets could be a factor influencing the observed difference in mean δ 13 C col values between individuals with syphilis and those without, but details of the effects are unknown. Moreover, it is documented that medical practitioners often modified the diet of patients on a case-by-case basis according to the type of syphilitic lesions present, the degree of pain, and the body's response to infection.

Finally, physiological responses to the pathological condition or aftereffects of the administered medical treatments must be considered. As a systemic disease, tertiary syphilis often involves several bones and infects several organs. Oral and gastrointestinal manifestations are common [START_REF] Mcconnell | A manual of pathology[END_REF]. During stages of late infection, ulcers, leukoplakia and gummas in the oral cavity can occur, which in extreme cases can lead to the partial destruction of the soft and hard palate [START_REF] Bains | Palatal perforations: past and present. Two case reports and a literature review[END_REF][START_REF] Fournier | Traité de la syphilis[END_REF][START_REF] Huebsch | Gumma of the hard palate, with perforation: report of a case[END_REF][START_REF] Keogh | A manual of venereal diseases[END_REF][START_REF] Leão | Oral manifestations of syphilis[END_REF][START_REF] Leuci | Oral syphilis: a retrospective analysis of 12 cases and a review of the literature[END_REF]. Ulceration of walls of the stomach and the lower gastrointestinal tract was also commonly recorded [START_REF] Fournier | Traité de la syphilis[END_REF][START_REF] Mcnee | Gastro-intestinal syphilis[END_REF][START_REF] Modena | Gastric syphilis some contributions to endoscopic aspects[END_REF]. These lesions can lead to food intake disturbances [START_REF] Bains | Palatal perforations: past and present. Two case reports and a literature review[END_REF][START_REF] Di Cosola | Cocaine-related syndrome and palatal reconstruction: report of a series of cases[END_REF][START_REF] Mcclain | Gastrointestinal and nutritional aspects of eating disorders[END_REF].

Appetite disturbance is also a frequent symptom recorded in individuals with late-stage syphilis as a consequence of the disease itself [START_REF] Barton | Art. XII.-Some practical remarks upon the treatment of syphilitic disease[END_REF][START_REF] Lane | A lecture on tertiary syphilis, or syphilitic cachexia[END_REF][START_REF] Sinkulová | Jak se léčila syfilis na pražské medicínské klinice v roce 1824[END_REF][START_REF] Trow | The modern treatment of syphilis[END_REF][START_REF] Trow | Syphilis -Three years' observation[END_REF] or its therapy [START_REF] Gerstner | Clinical toxicology of mercury[END_REF][START_REF] Goldwater | The toxicology of inorganic mercury[END_REF][START_REF] Kedziora | Attempted suicide by intravenous injection of mercury: a rare cause of cardiac granulomas. A case report[END_REF][START_REF] Reade | ART. XIV -Cases of tertiary syphilis; with observations[END_REF].

Recurrent or chronic loss of appetite over a very long period of time was regularly observed in patients during the 19 th c. A.D. (e.g., Fournier, 1906;[START_REF] Hunter | Traité de la syphilis, traduit de l'anglais par le docteur G. Richelot[END_REF]. Moreover, remedies during the pre-antibiotic era consisted primarily of mercurial care (e.g., injections, inunctions, fumigations, oral administrations) [START_REF] Cooper | Syphilis[END_REF][START_REF] Fournier | Traité de la syphilis[END_REF][START_REF] Hutchinson | Syphilis[END_REF][START_REF] Keyes | The tonic treatment of syphilis[END_REF]. These treatments were provided to patients continuously with intervals lasting several years (up to six years after [START_REF] Keogh | A manual of venereal diseases[END_REF] and [START_REF] Fournier | Traité de la syphilis[END_REF]). Such therapies could cause buccal lesions of the mouth, which may damage -temporarily or permanently -the sense of taste [START_REF] Fournier | Traité de la syphilis[END_REF][START_REF] Hunter | Traité de la syphilis, traduit de l'anglais par le docteur G. Richelot[END_REF][START_REF] Liagre | Étude sur le traitement de la syphilis par les injections intra-musculaires de sels insolubles de mercure et en particulier de calomel[END_REF]. They could also disturb the digestive system -mainly the stomach and intestines -and cause intoxication, nausea and diarrhea (e.g., [START_REF] Hunter | Traité de la syphilis, traduit de l'anglais par le docteur G. Richelot[END_REF][START_REF] O'shea | Two minutes with venus, two years with mercury' -mercury as an antisyphilitic chemotherapeutic agent[END_REF]. These aftereffects of medical treatment can intensify appetite disturbance in individuals with syphilis [START_REF] Fournier | Traité de la syphilis[END_REF][START_REF] Hunter | Traité de la syphilis, traduit de l'anglais par le docteur G. Richelot[END_REF][START_REF] Liagre | Étude sur le traitement de la syphilis par les injections intra-musculaires de sels insolubles de mercure et en particulier de calomel[END_REF][START_REF] O'shea | Two minutes with venus, two years with mercury' -mercury as an antisyphilitic chemotherapeutic agent[END_REF].

Long-term appetite loss may lead to undernutrition. In this scenario, the ratio between routed dietary neAAs and endogenously formed neAAs in extracellular fluids of individuals with syphilis may change. Low concentrations of exogenous neAAs in fluids could activate the enzymes to build up the needed neAAs for collagen synthesis [START_REF] Ambrose | Experimental evidence for the relationship of the carbon isotope ratios of whole diet and dietary protein to those of bone collagen and carbonate[END_REF][START_REF] Hare | The isotopic composition of carbon and nitrogen in individual amino acids isolated from modern and fossil proteins[END_REF][START_REF] Howland | Expression of the dietary isotope signal in the compound-specific δ 13 C values of pig bone lipids and amino acids[END_REF][START_REF] Jim | Stable carbon isotopic evidence for differences in the dietary origin of bone cholesterol, collagen and apatite: implications for their use in palaeodietary reconstruction[END_REF][START_REF] Tieszen | Effect of diet quality and composition on the isotopic composition of respiratory CO 2 , bone collagen, bioapatite, and soft tissues[END_REF]Warinner and Tuross, 2009). Consequently, substantial amounts of carbon derived from non-protein dietary sources may influence the isotopic composition of collagen [START_REF] Schwarcz | Some biochemical aspect of carbon isotopic paleodiet studies[END_REF]. Physiologically, dietary carbohydrates are hydrolyzed in glucose, which is broken down (through glycolysis) as 3-phosphoglycerate, phosphoenolpyruvate, and then pyruvate. Both 3-phosphoglycerate and pyruvate can be used to generate glycolytic neAAs [START_REF] Fernandes | Macronutrient-based model for dietary carbon routing in bone collagen and bioapatite[END_REF][START_REF] Schwarcz | Some biochemical aspect of carbon isotopic paleodiet studies[END_REF]. Pyruvate can also be oxidized into acetyl-CoA, a key intermediate in the citric acid cycle for numerous other neAAs (e.g., aspartate, tyrosine, glutamate).

During this process, significant isotopic fractionations occur, inducing a depletion in the 13 C of byproducts [START_REF] Deniro | Mechanism of carbon isotope fractionation associated with lipid synthesis[END_REF]. The endogenously built neAAs from pyruvate/acetyl-CoA could have lower δ 13 C values than exogenous ones [START_REF] Deniro | Mechanism of carbon isotope fractionation associated with lipid synthesis[END_REF]. Furthermore, excess glucose is converted into glycerol and fatty acids (via lipogenesis) before being stored as triglycerides [START_REF] Fernandes | Macronutrient-based model for dietary carbon routing in bone collagen and bioapatite[END_REF]. These lipids are generally depleted in 13 C due to isotopic fractionations.

Thus, reserve lipids have generally lower δ 13 C values than proteins [START_REF] Deniro | Postmortem preservation and alteration of in vivo bone collagen ratios in relation to palaeodietary reconstruction[END_REF]Epstein, 1977, 1978;[START_REF] Roth | Stable carbon and nitrogen isotopic fractionation between diet and tissue of captive red fox: implications for dietary reconstruction[END_REF]. Under certain conditions, these lipids can reintegrate the glycolysis pathway as 3-Phosphoglycerate (via gluconeogenesis) or acetyl-CoA (via beta oxidation) to participate in neAAs biosynthesis [START_REF] Deniro | Mechanism of carbon isotope fractionation associated with lipid synthesis[END_REF][START_REF] Fernandes | Macronutrient-based model for dietary carbon routing in bone collagen and bioapatite[END_REF][START_REF] Salway | Medical biochemistry at a glance[END_REF].

Newly formed neAAs could present more negative δ 13 C values than routed dietary ones. During a period of nutritional restrictions, as experienced by individuals with syphilis, carbon from energy sources may be incorporated into carbon skeletons of endogenously synthesized neAAs, and all or part of the latter can be depleted in 13 C. This could explain the observed difference in mean δ 13 C col values between individuals with syphilis and the control group.

Such an isotopic effect on the δ 13 C col values is supported by several experimental studies involving nutritionally stressed animals (e.g., [START_REF] Podlesak | Metabolic routing of dietary nutrients in birds: effects of diet quality and macronutrient composition revealed using stable isotopes[END_REF][START_REF] Polischuk | Use of stable-carbon and -nitrogen isotopes to assess weaning and fasting in female polar bears and their cubs[END_REF][START_REF] Robb | The influence of food quantity on carbon and nitrogen stable isotope values in southern African spiny mice (Acomys spinosissimus)[END_REF]Williams et al., 2007). However, one might wonder why similar effects are not observed in δ 15 N col values, even though δ 15 N col is often considered as a promising isotopic indicator of disease or nutritional stress (e.g., [START_REF] Fuller | Nitrogen balance and δ 15 N: why you're not what you eat during nutritional stress[END_REF][START_REF] Katzenberg | The ecological approach: understanding past diet and the relationship between diet and disease[END_REF]. Some authors argued that instead of a continuum where the level of change in 15 N contents corresponds to the level of nutritional restriction, there may be a threshold level of nutritional stress below which isotopic changes are likely to be negligible [START_REF] Ben-David | 15 N signatures do not reflect body condition in Arctic ground squirrels[END_REF][START_REF] Hatch | The use and application of stable isotope analysis to the study of starvation, fasting, and nutritional stress in animals[END_REF][START_REF] Kempster | Do stable isotopes reflect nutritional stress? Results from a laboratory experiment on song sparrows[END_REF][START_REF] Polischuk | Use of stable-carbon and -nitrogen isotopes to assess weaning and fasting in female polar bears and their cubs[END_REF]. This threshold effect would be unique to each isotopic proxy; δ 15 N col would respond differently and/or could be less sensitive than δ 13 C col to certain nutritional stresses (see review of [START_REF] Hatch | The use and application of stable isotope analysis to the study of starvation, fasting, and nutritional stress in animals[END_REF]). Furthermore, the internal metabolic pools of carbon and nitrogen used to build up neAAs may be affected in different ways during episodes of prolonged nutritional restriction. Carbon balance may become negative faster than nitrogen. A neutral or positive carbon balance may be acquired by using carbon atoms that derive, first, from glucose and reserve triglycerides, and second, from body proteins that are rich in nitrogen (e.g., [START_REF] Podlesak | Metabolic routing of dietary nutrients in birds: effects of diet quality and macronutrient composition revealed using stable isotopes[END_REF]Williams et al., 2007). These two phenomena may explain why the δ 15 N col values of the individuals with syphilis are not affected by nutritional stress while the δ 13 C col values are. The observed isotopic pattern may also suggest that the nutritional stress was relatively restricted. This could explain why the results of our study differ from those of previous works focusing on humans, where individuals were generally subjected to acute starvation episodes (e.g., [START_REF] Fuller | Nitrogen balance and δ 15 N: why you're not what you eat during nutritional stress[END_REF][START_REF] Mekota | Serial analysis of stable nitrogen and carbon isotopes in hair: monitoring starvation and recovery phases of patients suffering from anorexia nervosa[END_REF][START_REF] Mekota | Identifying starvation episodes using stable isotopes in hair[END_REF].

Conclusion

Individuals with syphilis (n=10) appear to have lower δ 13 C col values than the individuals in our control group (n=9). The discrepancy between the two groups is about 0.3-0.4‰. However, there is no difference in δ 15 N col values between these two groups. Changes in diet might explain these findings. Strict diets were commonly prescribed to patients with syphilis by physicians during the course of their medical treatment. This practice could lead to the observed isotopic pattern.

Alternatively, nutritional stress caused by persistent and cyclic appetite disturbance -as a consequence of the disease itself or of the administered medical treatment -could be also responsible for the observed isotopic pattern. Long-term nutritional stress could affect metabolism controlling the assimilation of macronutrients. In this scenario, the normal routing of neAAs may have been disrupted due to an insufficient intake of carbon atoms coming from dietary protein. A greater amount of carbon derived from 13 C depleted triglycerides or even glucose may have been incorporated into endogenously formed neAAs. However, a nitrogen threshold effect, or a preserved positive nitrogen balance despite a decrease of protein intake, may explain the unmodified δ 15 N col values at the group level. Overall, the response of the two isotopic proxies could indicate relatively limited nutritional restrictions. We are aware that we must remain cautious regarding our interpretation of the data since our sample sizes are small. Although prescribed diets, as well as modes of administration and dosage of mercury varied over time and place (see [START_REF] Grünpeck | Ein hubscher Tractat von dem Ursprung des bosen Franzos, das man nennet die wilden wartzen: auch ein regime[END_REF] and O'Shea (1990)), isotopic patterns similar to the ones observed in this study could be expected for earlier populations. However, we recommend excluding individuals with syphilis from sampling strategies designed to reconstruct population diets in the past, even though the observed shift in δ 13 C col values is minor.

Finally, this research has posed new hypotheses and opened new research topics: analysis of mercury content in our skeletal material of syphilis sufferers could be helpful, especially to verify whether they received treatment with medicine containing the agent and how long they were exposed to mercury during treatment (cf. [START_REF] Kepa | Analysis of mercury levels in historical bone material from syphilitic subjects -pilot studies (short report)[END_REF]. Additionally, stable carbon and nitrogen isotope analysis of compound specific bone collagen amino acids could be useful to further understand the degree of routing of non-essential amino acids, as well as the provenance of the carbon and nitrogen atoms used for collagen synthesis in individuals with syphilis. 
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