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RESUMO

Tal como em medicina humana, a frequéncia de cancros apresenta uma tendéncia crescente nos animais de
companhia, e apesar dos recentes avangos no diagnéstico e tratamento, continua a ser uma das principais
causas de morbilidade e mortalidade em caes e gatos. A descoberta de novos biomarcadores clinicamente
Uteis para triagem, diagnéstico, detecg¢ado precoce da progresséo e prognéstico de doengas oncoldgicas, bem
como a descricdo de vias metabdlicas que poderdo ser potenciais alvos terapéuticos sao de extrema
importancia em oncologia humana e veterinaria.

O efeito Warburg descreve a sintese de ATP por células tumorais através de uma via metabdlica alternativa a
fosforilacdo oxidativa, a glicélise aerébica, mesmo em condigdes de normoxemia. A glicélise aerdbia podera
produzir alteragdes bioquimicas que podem ser utilizadas como biomarcadores clinicos.

Na medicina humana, este fendmeno tem sido documentado em numerosos estudos em oncologia. No
entanto, a informacéo relacionada com o efeito Warburg em oncologia veterinaria € escassa. Por este motivo,
este estudo visou investigar as alteracdes no metabolismo energético tumoral através do estudo das
variagbes metabdlicas associadas ao efeito Warburg, através da determinagdo da concentragédo sérica de
glucose, fructosamina, lactato e lactato desidrogenase (LDH) em cées com diferentes neoplasias malignas.

Foram avaliados neste estudo 36 caes diagnosticados com diferentes tumores malignos e em diferentes
estadios clinicos (grupo de animais doentes) e 23 cées considerados saudaveis, que constituiram o grupo
controlo. Os animais doentes apresentaram concentracdes séricas de lactato e LDH significativamente
superiores (P=0.009 e P=0.023, respetivamente), e de fructosamina significativamente inferiores aos animais
do grupo controlo (P=0.007). As concentragbes séricas de glucose foram também inferiores em cdes com
neoplasias do que nos cies saudaveis, mas as diferengas ndo foram significativas (P=0.174). Os caes
doentes foram divididos em grupos de acordo com o tipo de tumor que apresentaram, nomeadamente nos
grupos de caes com carcinoma (n=13), sarcoma (n=10), linfoma (n=8) e adenocarcinoma mamario (n=8).
Nao foram encontradas diferengas significativas nas concentragdes séricas de glucose, fructosamina, lactato
e lactato desidrogenase entre estes grupos, ou entre estes grupos e os animais saudaveis (P>0.05 em todos
0S Ccasos).

Os resultados obtidos neste estudo mostram a ocorréncia de alteragdes metabdlicas que poderdo estar
associadas ao efeito Warburg em caes com diferentes tumores malignos, sugerindo que a glicélise aerodbica
pode estar implicada na carcinogénese de diferentes neoplasias caninas. Os resultados sugerem também
que os metabolitos analisados, nomeadamente a fructosamina, o lactato e a LDH, poderdo ser
biomarcadores uteis na pratica clinica para triagem, diagnostico, detecgdo precoce da progressao e
prognostico de doengas oncoldgicas caninas. Sugerem ainda que as vias metabdlicas implicadas no efeito
Warburg poderdo ser potenciais alvos terapéuticos de diferentes neoplasias caninas. No entanto, neste
estudo foi analisado um grupo pequeno de animais, e com tumores diferentes e em diferentes estadios
clinicos. Serado necessarios estudos futuros, com um maior nimero de animais e com uma populagido mais
homogénea, para avaliar a func¢ao biolégica do efeito Warburg na carcinogénese e a sua aplicagéo clinica em
cada tipo tumoral.

Palavras-chave: Canino; Efeito Warburg; Fructosamina; Glucose; Lactato; Lactato desidrogenase; Neoplasia



ABSTRACT

As in human medicine, the frequency of cancer presents an increasing trend in companion animals, and
despite recent advances in diagnosis and treatment, remains a major cause of morbidity and mortality in dogs
and cats. The discovery of new clinically useful biomarkers for screening, diagnosis, early detection of
progression and prognosis of oncological diseases, as well as the description of metabolic pathways that
could be potential therapeutic targets are of extreme importance in human and veterinary oncology.

The Warburg effect describes the synthesis of ATP by tumor cells through an alternative metabolic pathway to
oxidative phosphorylation, the aerobic glycolysis, even under normoxemia conditions. Aerobic glycolysis may
produce biochemical changes that can be used as clinical biomarkers.

In human medicine, this phenomenon has been documented in numerous studies in oncology. However,
information related to the Warburg effect in veterinary oncology is scarce. For this reason, this study aimed to
investigate changes in tumor energy metabolism through the study of metabolic variations associated with the
Warburg effect, by determining the serum concentration of glucose, fructosamine, lactate and lactate
dehydrogenase (LDH) in dogs with different malignant neoplasms.

In this study, 36 dogs diagnosed with different malignant tumors and in different clinical stages (group of
diseased animals) and 23 dogs considered healthy, which constituted the control group, were evaluated.
Diseased animals (n=36) had significantly higher serum lactate and LDH concentrations (P=0.009 and
P=0.023, respectively), and significantly lower serum fructosamine than animals in the control group
(P=0.007). Serum glucose concentrations were also lower in dogs with cancer than in healthy dogs, but the
differences were not significant (P=0.174). The diseased dogs were divided into groups according to the type
of tumor, namely in the groups of dogs with carcinoma (n=13), sarcoma (n=10), lymphoma (n=8) and
mammary adenocarcinoma (n=8). No significant differences were found in the serum concentrations of
glucose, fructosamine, lactate and LDH between these groups, or between these groups and healthy animals
(P>0.05 in all cases).

The results obtained in this study show the occurrence of metabolic alterations that may be associated with
the Warburg effect in dogs with different malignant tumors, suggesting that aerobic glycolysis may be involved
in the carcinogenesis of different canine neoplasms. The results also suggest that the analyzed metabolites,
namely fructosamine, lactate and LDH, might be useful biomarkers in clinical practice for screening, diagnosis,
early detection of progression and prognosis of canine oncological diseases. They also suggest that the
metabolic pathways involved in the Warburg effect might be potential therapeutic targets for different canine
neoplasms. However, this study analyzed a small group of animals, with different tumors and at different
clinical stages. Future studies, with a greater number of animals and with a more homogeneous population,
will be necessary to evaluate the biological role of the Warburg effect in carcinogenesis and its clinical
application in specific tumor types.

Key words: Canine; Fructosamine; Glucose; Lactate; Lactate dehydrogenase; Neoplasia; Warburg effect



INTRODUCTION

The Warburg effect, discovered in 1924 by Otto Warburg, describes the production of ATP by other metabolic
pathways than the oxidative phosphorylation observed in healthy cells. Indeed, it was shown that tumor
cells preferentially use aerobic glycolysis occuring in the cytosol for ATP synthesis, even under normoxemia
conditions, instead of the oxidative phosphorylation used by healthy cells (Levine and Puzio-kuter, 2010; Lunt
and Heiden, 2011; Gallo et al., 2015; Luc et al., 2015; Xu et al., 2015; Bose and le, 2018). The initial
assumption was that this metabolic shift was due to damage in mitochondrias, impeding cellular respiration
(Warburg, 1956), and this phenomenon was considered as a hallmark of cancer. The Warburg effect is
considered to be due to different factors, including HIF-1 overexpression and subsequent normoxia/hypoxia,
activation of oncogenes, loss of function of tumor suppressor genes, altered signaling pathways, interaction
with components of the tumor microenvironment and epigenetic mechanisms (Vaupel et al. 2021).

Aerobic glycolysis is a less efficient metabolic pathway for obtaining ATP than oxidative phosphorylation, with
only 2 moles of ATP per mole of glucose being produced; whereas 36 moles ATP from oxidation of 1 mole of
glucose are obtained with oxidative phosphorylation (OXPHOS) (Gallo et al., 2015; Luc et al., 2015;
Mookerjee et al.,2017; Vaupel et al.,2019). Nevertheless, aerobic glycolisis constitutes a faster metabolic
process, where ATP is obtained from glucose at a rate 10 to 100 times higher than ATP generated in
mitochondria, providing an abundant energy supply (Lu et al., 2015; Gallo et al.,2015; Liberti and
Locasale, 2016; Boseand le, 2018). This requires an increased uptake of glucose substantiated by an
increased number and expression of glucose transporters (GLUT) (Kozal et al., 2021).

The glycolytic pathway involves the catabolism of glucose to pyruvate in nine- ten biochemical steps, in which
key transcriptional activations involving GLUT1 and lactate exit transporter monocarboxylate transporter 4
(MCT4), and key glycolytic enzymes such as hexokinase 2, phosphofructokinase 1, enolase 1, the low-activity
pyruvate kinase M2 (PKM2) and the over-expressed lactate dehydrogenase A (LDHA) are involved (Vaupel et
al. 2021).

This metabolism also permits the accumulation and diversion of glycolytic intermediates, allowing biosynthesis
of molecules necessary for tumor cells proliferation, including nucleotides, non-essential amino acids,
lipids, hexoamines, and key proteins in oncogenesis (Boroughs and Deberardinis, 2015; Liberti and Locasale,
2016; Deberardinis et al., 2008; Vaupel et al., 2021). As a consequence, a high glycolytic flux is settled. This
metabolic reprogramming of tumor cells creates conditions in the microenvironment that permits
malignant proliferation through various mechanisms (Liberti and Locasale, 2016; Chen et al., 2021; San-Millan
& Brooks, 2017).

Lactate, the final product of the aerobic glycolysis, is a key oncometabolite for malignant progression,
allowing angiogenesis, promoting cell motility, local invasion and distant metastasis, resistance to apoptosis
and promotion of a stem cell phenotype (Vaupel et al., 2019). It permits the suppression of anti-tumor
mechanisms through, for example, immune escape allowed T cells altered function and metabolism (Xu et al.,
2015). Resistance to conventional therapies is also a consequence of extracellular acidosis, resulting from
this metabolism (Vaupel et al., 2021). Lactate/ Pyruvate, NAD+/NADH and GSH/ GSSG ratio, necessary for
redox homeostasis and adaptive stress responses, are responsible for ROS scavenging, reducing DNA
damage and causing a decrease in tumor treatment efficacy (Kozal et al., 2021; Sattler & Mueller- Klieser,
2009). Lactate has a role in angiogenesis and tumor growth by activating VEGF in endothelial cells (Kumar et
al.,2007). Interestingly, the Warburg effect was identified to also play a role in human non-tumor diseases,



including pulmonary hypertension, tuberculosis, idiopathic pulmonary fibrosis, cardiovascular disease,
atherosclerosis, Alzheimer's diseases and in COVID-19 infection (Chen et al., 2017; Kuspriyanti et al., 2021;
Tuder et al., 2012; Xie et al., 2015; Hi et al., 2015; Newington et al., 2011; Icard et al., 2021). Studies in
veterinary medicine have demonstrated a Warburg effect in chronic atrial fibrillation in dogs (Liu et al., 2020).

In veterinary medicine, several epidemiological studies have been carried out inprevious decades to try to
characterize the prevalence of canine tumours (MacVean et al., 1978; Baioni et al., 2017; Pinello et al.,
2022). It has been reported that approximately half of the tumours presented are malignant. Two anatomical
sites stand out in terms of prevalence, namely skin and breast tumours. (Griintzig et al., 2015; Gamlem &
Nordstoga & Glattre, 2008; Vascelleri et al., 2009). In young dogs, tumours are mostly benign and
histiocytomas are over-represented, and among the malignant tumours, the mast cell tumours. Mammary
tumors ended to be the most common in the older age categories malignant and benign combined. (Schmidt
et al, 2010; Gamlem & Nordstoga & Glattre, 2008).

Although in human medicine, many studies exist on the Warburg effect and its occurrence, especially in
mammary, lung and hepatocellular carcinoma (Lebelo et al.,2019; Feng et al., 2020; Wu et al., 2020), its
importance in veterinary medicine is not well defined.

The aim of this study was to evaluate the Warburg effect in in different canine malignant tumours, through the
determination of serum concentrations of glucose, fructose, lactate and LDH in animals with oncologic disease
and in healthy control animals..



MATERIAL AND METHODS

Animals and samples

This study included 36 dogs with oncologic diseases received at the Onevetgroup University Veterinary
Hospital of Coimbra (HVUC), Portugal, and Onegroup Baixo Vouga Veterinary Hospital (HVBV), Portugal,
between January 2021 and June 2022. The diseased group was composed of animals with different malignant
neoplasms, and in different clinical stages, and is characterized in table 1. A control group with 23 dogs
considered clinically healthy based on clinical history, physical examination, and results of complementary
exams, including blood analysis (hematology and serum biochemistry), performed as part of the pre-
anesthetic protocol for elective surgical procedures or healths check-ups was also evaluated, and is also
characterized in table 1. In all cases, surplus serum samples were used for determination of concentrations of
glucose, fructosamine, lactate and lactate dehydrogenase. No blood samples were collected exclusively for
this study. All tutors gave an informed consent for inclusion of their dogs in this study.

The whole blood sample from each animal included in this study was obtained at diagnosis, before institution
of any treatment, and divided into an EDTA tube for hematology and a tube without anticoagulant for serum
biochemistry. After settling for 15 minutes at room temperature, the samples obtained in tubes without
anticoagulant were centrifuged (10 min, 2000 x g) to separate serum from clot and blood cells. The resulting
serum supernatant was used for analyses, and the remaining serum samples were stored at -20 °C until

determination of serum glucose, fructsamine, lactate, and LDH concentrations.

Glucose, Fructosamine, Lactate, and Lactate dehydrogenase (LDH) analysis

Serum glucose and lactate were determined using commercially available kits (glucose reagent OSR6121 and
lactate reagent OSR6193, respectively, Beckman Coulter, California, USA) following instructions of the
manufacturer. Serum LDH and fructosamine were measured using commercially available kits (lactate
deshidrogenase ref 11581 and fructosamine ref 11046, respectively, BioSystems SA, Barcelona, Spain)
following instructions of the manufacturer.

All analyses were performed at the Interdisciplinary Laboratory of Clinical Analysis, University of Murcia
(Interlab-UMU), Spain, using an automated biochemistry analyzer (Olympus AU600 Automatic Chemistry
Analyzer, Olympus Europe GmbH, Hamburg, Germany).

Statistical Analysis

The Graphpad Prism version 9 software (La Jolla, California, USA) was used for all data analysis.
Comparison of variables between groups was assessed by the Unpaired non-parametric Mann-Whitney test.
Values of P < 0.05 were considered significant. Serum concentrations of glucose, fructosamine, lactate and
LDH were compared between diseased (n=36) and healthy (n=23) dogs. Secondly, dogs with malignant
tumors were grouped according with the histopathology diagnosis in four groups, namely carcinoma (n=13),
sarcoma (n=10), lymphoma (n=8) and mammary adenocarcinoma (n=8); and serum concentrations of
glucose, fructosamine, lactate and LDH were compared between groups, and between groups and controls.



Table 1 — Characterization of the study population

Breed

Pure breed
Cross-breed
Age (years)
Mean
Min-Max
Gender
Male

Female
Histopathology
Anaplastic carcinoma
AGASACA
Anaplastic sarcoma
Hemangiosarcoma
Histiocytic sarcoma
Leydig cell tumor
Lymphoma
Mammary carcinoma
Mastocytoma

Nasal squamous cell carcinoma
Osteosarcoma

Soft tissue sarcoma

Transitional cell carcinoma

Malignant tumor group

(n=36)

26
10

8,5
5-12

16
20

Control group

(n=23)

16
7

4,6
0,5-14

10
13

AGASACA - apocrine gland anal sac adenocarcinoma; Max — maximim; Min - minimum



RESULTS

Serum concentrations of glucose, fructosamine, lactate and LDH were compared between dogs with
malignant tumors (n=36) and healthy controls (n=23). Significant differences in serum concentrations of
fructosamine, lactate and LDH were found between diseased and healthy dogs. Animals of the diseased
group presented serum concentrations of fructosamine significantly lower than animals of the control group
(P=0.007); while serum concentrations of lactate and LDH were significantly higher in diseased dogs when
compared with control animals (P=0.009 and P=0.023, respectively). Serum concentrations of glucose were
lower in oncologic patients than in controls, but the differences were not significant (P=0.174). Results
presented as medians and interquartile range (IQR) for the different analytes between groups are presented in
table 2, and boxplots of the different analytes in the two groups of animals analyzed are presented in figure 1.

Table 2 - Serum concentrations of glucose, fructosamine, lactate and Lactate dehydrogenase (LDH) in dogs

with oncologic diseases and in healthy control dogs

Glucose Fructosamine Lactate LDH
(mg/dL) (umol/L) (mmol/L) (U/L)
Median (IQR) Median (IQR) Median (IQR) Median (IQR)

Malignant 99.7 (89.1-106.2) 376.5 (302.8-416.0) 2.94 (1.62-4.40) 243.4 (96.3-373.3)
tumor group
(n=36)

Control group  101.7 (98.8-110.6)  405.0 (392.0-430.0)  1.85(1.55-2.44)  109.4 (71.2- 186.6)
(n=23)

IQR - Interquartile range; LDH - lactate dehydrogenase
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Figure 1 — Glucose, fructosamine, lactate and LDH serum levels observed in diseased and healthy dogs. The
plots show median (line within box), 25 th and 75 th percentiles (box), 5 th and 95 th percentiles (whiskers).

Outliers are marked with a circle.

Dogs with malignant tumors were grouped according with the histopathology diagnosis in four groups, namely
carcinoma (n=13), sarcoma (n=10), lymphoma (n=8) and mammary carcinoma (n=8). Serum concentrations of
glucose, fructosamine, lactate and LDH were compared between groups, and also between these groups and
control animals (n=23). No significant differences in serum concentrations of the different analytes were found
between groups, nor between groups and controls (P>0.05 in all cases). Serum concentrations of glucose,
fructosamine, lactate and lactate dehydrogenase, presented as medians and IQR, in dogs with carcinomas,
sarcomas, lymphoma and mammary carcinoma are presented in table 3.



Table 3 - Serum concentrations of glucose, fructosamine, lactate and lactate dehydrogenase (LDH) in dogs

with carcinomas, sarcomas, lymphoma and mammary adenocarcinomas.

Glucose Fructosamine Lactate LDH
(mg/dL) (Mmol/L) (mmol/L) (IU/L)
Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Carcinoma group (n=13) 104.8 (96.15-107.8) 378 (348.5-428) 3.25 (1.96-5.765) 268.9 (88.3- 536.9)

Sarcoma group (n=11)

Lymphoma group (n=8)

Ma. adenocarcinoma
(n=8)

98.95 (78.55-107.3)

96.8 (71.8-101.8)

105.2 (99.83-107)

348.5 (301-419,5)

302 (248-400)

405 (392-430)

3.02 (1.418-3.475)

1.65 (1.58-4.68)

1.85 (1.55-2.44)

139 (96.18-283.8)

268.2 (78.6-1116)

289.8 (84.2-795.3)

LDH — lactate dehydrogenase; Ma - mammary

10



DISCUSSION

The results of this study showed metabolic alterations in a heterogeneous group of animals with oncological
diseases, which can potentially be attributed to the Warburg effect, showing a signifant decrease in serum
fructosamine, as well as significant increases in serum lactate and LDH. Serum glucose, although decreased
in oncologic patient, did not show significant alteration when compared to the control group.

It is interesting to note that in animals, serum glucose can be impacted by different variables, so other
markers such as fructosamine are of interest. Because the serum fructosamine is used for long-term
monitoring of glycemia, reflecting blood glucose concentration during the previous one to two weeks, it can
help detect chronic hyperglycemia and hypoglycemia and overcome a transitory change in plasma glucose
(Loste et al., 2001). This difference in serum glucose evaluation might justify the reason why in our study
diseased dogs presented significant decreases in serum fructosamine and not in serum glucose. In other
perspective, this measurement is interesting because fructose is an alternative energy source to glucose in
cancer cells. Indeed, this idea was corroborated by the expression of the main transporter of fructosamine
GLUTS5 on the cell surface of several types of tumors (Nakagawa et al., 2020). In human medicine, clinical
studies have demonstrated that GLUT5 protein and GLUT5 gene are expressed in lung adenocarcinoma,
colorectal adenocarcinoma and breast cancer (Zamora-Ledn et al.,1996; Mahraoui et al.,1992; Weng et al.,
2018).

Increased glucose uptake is considered one of the hallmarks of cancer metabolism (Hanahan and Weinberg,
2011). Glucose is a consistent fuel for tumor cells. Glucose entry into tumor cells is promoted by different
GLUT isoforms, between which overexpression of GLUT1 is noticeable in several tumors such as lung
carcinoma, mesothelioma, seminoma, or ovary carcinoma (Godoy et al., 2006).

The LDH is the enzyme responsible for converting pyruvate to lactate (Lukacova et al., 2008). Because of its
distribution in many tissues, increased LDH levels can be encountered in several cardiac, hepatic, skeletal
muscle, renal, hematological and neoplastic disorders (Klein et al., 2020). Clinical significance can be
increased when separated into isoenzyme fractions (Zanatta et al, 2003). However, studies in human
medicine have demonstrated that LDH could be a biomarker for prognosis prediction and treatment selection
in some types of cancer, like in patients with a diagnosis of hepatocellular carcinoma, in which an increase
could be a biomarker for early recurrence of this cancer (Wang et al., 2015; Zhu et al., 2020). In veterinary
medicine, most studies do not show a significant increase in LDH in the different tumor groups (Marconato et
al., 2009)

As previously mentioned, lactate is a key oncometabolite of the Warburg effect (Vaupel et al. 2019). Lactic
acidosis results from an imbalance between lactate production and its elimination. It can be distinguished into
type A or B depending on its pathophysiology (Touret et al., 2010). One of the limitations of our study was that
other possible causes of hyperlactatemia in these patients were not evaluated. Moreover, taking into account
that the liver is responsible for 70% of lactate metabolism (Touret ef al., 2012), it would be interesting to
evaluate the hepatic function of these patients.

Type A hyperlactatemia results from anaerobic conditions, the most common causes are ischemic bowel
syndrome, sepsis, cardiogenic shock, and hypovolemia. Type B hyperlactatemia is not associated with
hypoperfusion or other causes of decreased oxygen delivery. Prednisone is one of the drugs whose
hyperlactatemic effect has been described (Boysen et al., 2009). In human medicine, hyperlactatemia has
been described in many tumor types, especially in hematopoietic tumors (Sillos et al., 2001; Friedenberg &
Brandoff & Schiffman, 2007; Mizock & Glass,1994). Lymphomas, especially in the diffuse large B-cell
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lymphoma type (DLBCL) were overrepresented (Masood et al., 2017; He & Ong, 2019; Hamada et al., 2020).
Solid tumors such as small cell lung cancer, cholangiocarcinoma, breast cancer, gynecological cancers, and
metastasis from unknown primary carcinoma (de Groot et al., 2011) were also described.

When observing the metabolic alterations intrinsic to each group of tumors (carcinoma, sarcoma, lymphoma
and mammary carcinoma), no significant variation was observed suggesting a Warburg effect. This lack of
results may be due to the small number of patients recruited in each group, as well as to a heterogeneity of
the profiles with animals at different clinical stages. In human medicine, hyperlactatemia secondary to tumor is
mainly a complication noted at a late stage of the disease. Prognosis associated with the Warburg effect and
lactic acidosis is therefore considered as poor (Ubaldo et al., 2013). One study has shown that only 2 out 28
lymphoma patients who had lactic acidosis achieved complete remission, and that more than 75% of these
patients died within a month (He et al., 2007). In veterinary medicine, other studies have demonstrated a
potential Warburg effect in feline mammary adenocarcinoma (Almeida et al., 2019), as well as in feline
lymphoma (Vitorino et al., 2021).

CONCLUSION

In this study, we assessed metabolic changes associated with the Warburg effect in dogs with different
malignant tumors and in different clinical states, through evaluation of a biochemical panel that included the
determination of serum concentrations of glucose, fructosamine, lactate and LDH in oncologic canine patients.
The significant increase in serum concentrations of lactate and LDH, and the significant decrease in
fructosamine concentrations detected in the group of sick animals suggests that aerobic glycolysis might be
implicated in the carcinogenesis of different canine malignancies. Moreover, and although this study included
a group of dogs with different tumors and in different clinical stages, these results also suggest that
fructosamine, lactate and LDH might eventually be clinically useful biomarkers in the diagnosis, monitoring of
disease evolution and response to treatment, and prognosis in selected canine malignancies; and that
alterations in glucose metabolism may be therapeutic targets for some types of neoplasms.

Future studies, with a greater number of animals and with a more homogeneous population, are therefore
essential to better understand the importance of the Warburg effect in veterinary oncology, namely in specific
tumor types, allowing a better screening of these diseases and the establishment of therapeutic targets, using
intervention in metabolism.
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