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Abstract

New-onset diabetes mellitus (DM) has been lately observeshgpatients with post-COMVID-19 syndrome. ACE2 and
TMPRSS22 receptors were found expressed in the pancreagscting as an entry gate leading to infection-induced
pancreatic injury. Moreover, COMD-19 and DM have been repdaédteract bidirectionally, in which existing DM
comorbidity increases the patient's chance of getting s&¥@\dD-19 and vice versa. Hyperbaric oxygen therapy
(HBOT) is one of the therapy modalities given by applyidgmistration of oxygen 100% under pressure of more than
1.4 ATA HBOT has been shown to improve cellular function suckhesseasing oxidative stress, inflammation, and
mitochondrial dysfunction. These protective effects mightedate with preserved pancreatic cells, which improved
insulin homeostasis. However, the potency and mechanism of iBtBese patients remain unclear. Hence, we conduct
a review of the available evidence concerning the potentiehamésms of HBOT in improving new-onset DM among
post-COMD-19 syndrome patients. Current literature showedHB&XT might be beneficial for these patients, thus this
modality might be a new breakthrough for researchers and healtferaocknsidering post-COMVID-19 syndrome
incidence tends to rise as the pandemic grows.
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1. Introduction

Post-COVID-19 syndrome is syndrome which persist for mone theee weeks after the diagnosis of
COVID-19. Nearly 10-35% of COVID-19 patients experienced post-COVID-h8érsyne and this number
was higher in hospitalized patients which may reach B§%Not only limited to lung manifestation, but the
course of the disease might involve various organ mgstehich later contribute to poorer quality of life
[2,3]. SARS-CoV-2 expresses S protein that binds to the AC&htars expressed in various organs [4,5]
ACE?2 receptor was also distributed in pancreptiells which makes it possible to have a link with the
course of diabetes mellitus (DM) [4,6]. The emersion of pihenomenon should be taken into consideration
as the COVID-19 pandemic still evolves. Furthermore,ais wstimated that 280 million people have been
confirmed for COVID-19 diagnosis and the number will gfibw as the pandemic has not ended et

Hyperbaric oxygen therapy (HBOT) is a treatment modafityvhich administers 100% oxygen in a
hyperbaric chamber in 2-3 atmosphere absolute (ATA) wtocitd be carried out in a monoplace or multiple
chambers [8,9] HBOT is commonly indicated for gas embolism, intoxmat of carbon monoxide,
decompression disease, infections of necrotizing issfie, chronic ulcers, ischemic severe multiple traumas,
and ischemic diabetic foot ulceri)]. Despite its effect to improve ischemic diabetic foatens, HBOT has
beneficial effects for type 1 and type 2 diabetes mellituthe case of T2DIVHBOT could have benefits in
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increasing insulin sensitivity11]. Blocking of carotid bodies activity in hypoxic condi® is further
expected to improve glucose tolerance in T2DM patients elk [2]. HBOT can also contributéo the
prevention of TLDM due to its ability to stimulate pfetation and inhibitpoptosis of B-cell [13].

As mentioned before, a link between COVID-19 and DM leen observed. This would lead to poorer
outcomes for the patient concerned. HBOT has potentiatteffecmproveDM experienced by the patients.
Moreover, HBOT also might ameliorate lung injury during toeirse of COVID-1914]. Based on this
mechanism, HBOT proposesnew modality treatment for new-onset DM in patienthwibst-COVID-19
syndrome. The aim of this review is to investigate plossible mechanism of HBOT to improve new-onset
DM in patients with post-COVID-19 syndrome as it has marbelucidated clearly yet.

2. Hyperbaric oxygen therapy: mechanism of action

Hyperbaric oxygen therapy (HBOT) is a treatment modalitergito the patient by administering
100% oxygerinside a hyperbaric chamber under pressure higher thaevetall ATA. HBOT is commonly
carried out inside monoplace or multiple chambers and piesduunder 2-3 ATA. Inside monoplace
chamber, the entire chamber is filled with 100% oxygen witingle patient is placed inside the chamber
while multiple chambers can hold for more people with 1@8gen is given via individual masks, head
hoods, or endotracheal tubes [8,9]. The mechanism of HB@iTaccordance with several gas laws. Daito
gas law stated that in a mixture of gases, each partakure of an individual gas is proportional to its
fractional concentration of total volume multiplied by kdemt pressure [9,15]. It is implied that increased
ambient pressure inside the chamber allows higher paréasyre of oxygen to be distributed to the patient
[15]. Henry’s law stated that in a mixture of liquid or tissue, the sum of gas dissolvedches the partial
pressure of the gas. Consequently, an increase in oxygtal paessure will supply more oxygen to be
delivered towards tissue and cell [16]. Most of the oxyigsite the human body was bound by hemoglobin
and only a tiny amount was soluble in the plasma. Baseapained laws, oxygen dissolved into the plasma
will increase as the concentration and pressure ajexyreathed are increased. [Bdyle’s law is another
law that underlies the indication of HBOT for decompressiod emboli disease. In accordance with that law,
the volume of a gas bubble is inversely proportionatht® exerted pressufd?7]. HBOT is commonly
indicated for gas embolism, intoxication of carbon monoxidecompression disease, infections of
necrotizing soft tissue, chronic ulcers, ischemic sewauttiple traumas, and ischemic diabetic foot ulcers
[10].

3. Hyperbaric oxygen therapy: celular level mechanism

Reactive oxygen species (ROS) is a metabolism by-prodhatt dcommonly produced during
hyperoxia conditions. They could be superoxides{®) hydrogen peroxide (H.O.), hypochlorous acid
(HCI10O), and hydroxyl (HO¢) [18]. Throughout cell metabolism in hyperbaric conditionQRis mainly
generated with the involvement of mitochondrial respiyatdain (MRC) complexefl7]. RNS (Reactive
Nitrogen Species) is another reactive species that ooniibgen including NO (Nitric Oxide) and other
molecules made by reactions between NO with its oxidafiroducts or RO$9]. Antioxidants, both
enzymatic and non-enzymatic, play an important rolecavenging the overproduction of reactive species.
Fortunately, current studies showed that exposure to hyipadtaring HBOT is commonly brief enough to let
antioxidants preserve the body from the unwanted xeadpecies stresses and make this effect stay
reversible[18]. Previously, RONS (Reactive Oxygen and Nitrogen Species3 anly thoughof as harmful
metabolism by-products. However, now they are known t® key player in signaling molecules. Therefore,
RONS are important molecules to initiate, mediaté, ragulate cellular and biochemical oxidative stregbs a
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can act both as physiological or as pathogenic procE4€3 The beneficial or detrimental effects of RONS
depend on the concentration and intracellular localization [18].

HBOT could induce vascularization by mobilizing stem/proge cells (SPCs) through a redox-
mediated process and inducing vasculogenesis. This effecexpected to be mediated via upregulation of
hypoxia-inducile factor (HIF) transcription factors following HBOT, imhich HIF-1 major transcriptional
target was vascular endothelial growth factor (VEGF), afethe most vigorous stimulators of
neovascularization. Oxidative stress during HBOT alsbilstas the active form of HIF-1Enhanced the
upregulation of Nuclear factor-erythroid-2 related fa@diNrf2) transcription factor expression which is a
key antioxidant genes regulator was also seen. So titaixidants such as glutathione (GSH), glutamate
peroxidase (GPx), and glutamate reductase (GR) expression indi@28¢dRONS produced during HBOT
could react with microbial organelles, lipid, and piogdrreversibly, making it exerts an antimicrobial effect
Moreover, HO; could activate NReB, TNF-0, and MAPK which manage the expression of growth factors,
cytokines, and chemokines, thus acting to enhance immesmomse [9]. NkB and sirtuin-1 (SIRT1)
decrease Bax (pro-apoptosis) expression and together wiificteased expression of Bcl-2 (anti-apoptotic)
reduce mitochondria-mediated cell death following HBOT [HBOT also modulates inflammation through
TNF-a signaling and reduces pro-inflammatory cytokines ki@l

4. Hyperbaric oxygen therapy: potency for diabetes mellitus treatment

As previously mentioned, one of the indications of HB@Tischemic diabetic foot ulcers. It is
explained by the ability of HBOT to ameliorate tissue dxp, enhance perfusion, promote fibroblast and
collagen production, also induce angiogenesis. Moreover, HB{3Tah antimicrobial effect and improves
leukocyte and macrophage function, thus it can help &b iinéection in soft tissue and bone [9,22]. Diabetic
foot is associated with neuropathy and/or peripheral afrtdisease that happened as a complicatiddhof
[23]. HBOT is also expected to have a beneficial effedhgroving DM itself. Reduction on blood glucose
after HBOT was seen in sevesdudies [12,2429]. A study conducted by Ekanayake and Doolette found that
there was no change in insulin secretion level afteOHBvas dong24]. Hence, the underlying mechanism
of blood glucose reduction was estimated due to increasechissuisitivity in T2DM [11].

Another possible mechanism is thought to be carotid badativity during HBOT. Carotid bodies
are peripheral sensory chemoreceptors that react ttabliwod. Its sensory activity increases hypoxemia.
Carotid bodies also have a sense of arterial blood gguand circulating insulin levelsrdare thought to be
involved in the development of insulin resistarit&]. In metabolic syndrome and T2DM animal models,
abolishment of carotid bodies leads to the prevendfoimsulin resistance. Hyperoxia conditions in HBOT
could block carotid body activity which is further expecte improve glucose tolerance in T2DM [12]
Furthermore, HBOT also contributes to the improvemertl®M. A study conducted by Faleo et al showed
that two-week of HBOT could lead to stimukagiproliferation and inhibitig apoptosis of p-cell [13].

5. The pathogenesis mechanisms and new-onset diabetes by SARS-CoV-2

SARS-CoV-2 expresses a S protein (envelope a proteirt) s high affinity to bind the
extracellular domain of angiotensin-converting enzym@AZE?2) [30] SARS-CoV-2 enters host cells
through ACE2 which is a functional receptor. Inflammatdrgnges in lungs such as edema and degeneration
occurred because of the invasion virus to the cfls The effect is fusion of the membrane and
internalization of the virus by endocytodidl]. The replication of the virus causes loss of ACE2, thus
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preventing degradation of Angiotensin Il into Angioten@in?) [32]. These conditions might result in
COVID-19-associated fibrosis which contributeslung damageThese changes might lead to lung injury
mechanisms, hypoxia by myocyte injury, immune respomsgocardial cell damage, intestinal and
cardiopulmonary issuds].

This mechanism should be taken into consideration bedaagmncreas expresses ACE2 as well, so
it can manifest to pancreatic injuf33-35]. In severe cases, pancreatic injury can be a serobem due to
its impact on the quality of life of the patients. Theiaes effects of SARS-CoV-2 include systemic
inflammation, accelerain of acute respiratory distress syndrome, and the devetdmhehronic pancreatitis
[33]. Patients might present with abdominal pain and an incrfaserum amylase or lipase which indicate
exocrine pancreatic injufi36]. The other mechanisof SARSCoV-2 infection is the occurrence of immune
reaction, wheth could affect islet survival due to inflammatif8v].

The interaction between COVHDY and DM could also be bidirectional. SARS-CoV-2 has been
observed to predispose new-onset DM and vice versa @ivbrbidities might worsen COVID-9 severity
[34,37] In normal people, the expression of ACE2 in the pancreagwen higher than in the lungs. The part
of the pancreas which expresses ACE2 is the exocrine gimtsslets33]. In new-onset diabetes cases,
SARS-CoV-2 might bind ACE2 and/ or Neuropilin 1 (NRP1)epgors inpancreatic B-cells through infected
endothelium, thus damaging the pancreas which leadtedalhsulin production [34,35After SARS-CoV-

2 was replicated inside the cell, JAK/STAT, PAK1/2,KIN, EIF2a pathways were then activated and
induced upregulation of stress and inflammat[88]. The identity of B-cells was lost due to cellular
dedifferentiation which leads to upregulation of cellular stress and ap@{8&,38]. It induces cellular
dysfunction that could decrease insulin secretion; hieyerglycemia was observég0].

6. Post-COVID-19 syndrome

Post-COVID-19 syndrome is a continuity of symptoms in thseeks or higher after the diagnosis.
Around 10% of COVID-19 patients experienced post-COVID syndramiethis was not only about severe
acute patients but also all categories [1]. Post-COVIDyh8ireme has been related to various organ systems
i.e., such as pulmonary, cardio-hematology, neuropsychiatgal, endocrine, gastrointestinal, and
dermatology{39].

6.1 Pulmonary manifestations

There were several pulmonary manifestations from COVIDARing from dyspnea to fibrotic lung
damage. It was estimated that there were 42-66% of COVIpatiénts had dyspnea as persistent symptoms
after experiencing COVID-19 [40]. Research conducted by Zha stoaved that there were 70.91% of
COVID-19 patients evaluated by high-resolution computed tombgraHRCT) had radiological
abnormalities after three months of discharge. In théegorof respiratory function, a spirometry test was
done on thgepatients. Lung function abnormalities were obseine2b.45% of thee patients [41].

6.2 Cardio-hematology manifestations
There were up to 20% of COVID-19 survivors who experiencedt gias [40]. Ongoing myocardial
inflammation showed during magnetic resonance imagirigllh about 60% after two months of COVID-

19 cases [42]. Cardiovascular sequelae can manifest due touiliaé¢topism, ACE2 downregulation, and
immunologic response affecting the myocardial, perichrdied conduction systems of the heart [40]. There
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were about 2.5% of COVID-19 survivors in total who experidnaesegmental pulmonary embolism,
intracardiac thrombus, thrombosed arteriovenous fistula,isohe@mic stroke [43]. Coagulopathy related to
COVID-19 occurred due to hyperinflammatory and hypercoagul#dtie sonsistently [40].

6.3 Neuropsychiatd manifestations

Post-viral syndrome consisting of depression and anwiasyobserved in about 30-40% of patients who
survived from COVID-19. Neurologic manifestations like raige-like headaches, late-onset-headaches,
persistent loss of taste and smell, and cognitive imgaitralso shown from patients following COVID-19.
Viral tropism, severe systemic inflammation including meegeneration, and microvascular thrombosis
attributed to the occurrence of neuropsychiatric abnlifiesain post-COVID-19 infection [40].

6.4 Renal manifestations

SARS-CoV-2 probably affects renal cells directly becaafsiés characteristics and physiology [44]. Target
infections of SARS-CoV-2 are ACE2 and TMPRSS2 which amalived in the proximal tubules and
collecting duct [45]. Another mechanism of renal injurysvexplained by the immune response which caused
a cascade of renal injury i.e., acute tubular injurerstitial inflammation, microangiopathy, proteinuriagda
glomerulopathy [44].

6.5 Endocrine manifestations

COVID-19 possibly causes endocrine dysfunction which patiytaffects multi-system disease. This
characteristic output is insufficiency of adrenal, low T8l #SH syndrome, and hyperprolactinemia [46]. In
central hypopituitarism, molecular mimicry between SAR&I proteins and ACTH induced anti-ACTH
antibodies with result destruction of ACTH positive cgl§]. Glucose metabolism was also disturbed
because of morphological, transcriptionald @acells functional changes [48]. Early symptoms for glucose
problems specially new-onset was DKA or hyperosmol§idy.

6.6 Gastrointestinal (Gl) manifestations

Post COVID-19 patients commonly present Gl symptoms suclae$ea, abdominal pain, and naase
or vomiting [50] The prevalence of Gl symptoms in one moathnore after COVID-19 is ranging around
16% until 40%. Howeverthese numbers were much closer to the former thanttee feercentage [51The
Gl symptoms from patients might be related to psychodbdictors like post-traumatic stress disorder,
disruption of the gut microbiome, or continual intestimfleimmation[52].
6.7 Dermatology manifestations

Skin rash was observed in 3% of COVID-19 survivors at six nsdiotlow-up[53]. It was estimated that
20% of the patients experienced hair loss caused by a viraianfer a stress response following COVID-19
experiencg40].
7 Hyperbaric oxygen therapy: COVID-19

In a study conducted by Thibodeaux et al., patients were regortedover from breathindifficulties
after one session of HBOT. An average of five sessiomBOT has been recommended for patients with
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50% reduction in Fi@[54]. Hypoxia and other abnormalities in C@£19 could be treated by HBOT.
Improvementsin the patient’s condition were observed by elevation blood oxygen saturation and lung
inflammation reduction as observed by CT scans [55]. In ©0¥I1D-19 cases, HBOT was statistically and
clinically significant to improve both the overall fatiggeore and a range of cognitive domains using
validated scales [56].

HBOT has been declared to ameliorate altered mitochdnidm&tion by balancing mitochondrial
respiration and glycolysis possibly via opposing celluldoristasis networks of viral infection [57HBOT
has the capability to reduce the inflammatory respfB®e The process of HBOT consists of increasing: 1)
oxygen dissolved in the alveolar and inflammatory learg) the diffusion rate and distance of oxygen, 3) the
dissolution of oxygen in blood plasma and oxygen saturafidremoglobin, and 4) the delivery of oxygen
[14].

8 Hyperbaric oxygen therapy on new-onset diabetes mellitus of post-COVID 19 syndrome;
mechanism of action

Several pathological alterations have been found in thélBQ9 patients both locally in the pancreas
and systematically as discussed in the previous secBimgar to TLDM, new-onset diabetes in COVID-19
patients has been associated with pancreatic injury dARS-CoV-2 infection which induces B-cell
apoptosis and decreases insulin secretion [33,59,60]. HBORsviy increasing oxygen partial pressure,
wherein has been related to better cellular outcomggerdxia increases reactive oxygen species (ROS)
which is mediated by NADPH oxidase enzyme and respirat@iyndn mitochonde [9,57]. In acute therapy,
the activity of mitochondria is decreased as compems#&tioROS elevation, thus reducing ROS production
on its own. In the latter condition, increased endogenatisxidant levels were shown i.e., glutathione
(GSH), glutamate peroxidase (GPx), and glutamate reductase (GRY][2d6BOT was correlated with
increased bcl-2, an anti-apoptotic marker, and bax depletiprg-apoptotic markgR1]. In the case of acute
pancreatitis given HBOT, increase [kcell proliferation level was foud [61-63]. Local pancreatic
inflammation also has been related to T1IDM, whidkralcellular signaling and decreases cellular survival.
Yu et al showed HBOT attenuates pancreatic inflammatiwough NF-xB pathway[64]. Increases in
parcreatic B/a cells ratio have been found after HBO®B5]. These conditions might result in improved
cellular survival, which in turn, restores the functafrthe pancreas in maintaining glucose homeostasis.

SARS-CoV-2 enters the cell through ACE2 or TMPRSS22, whickexi@essed in various organs
including the pancreas and its microvasculafii@. These receptors might be a potential pathway for
structural and functional microvascular transformatiomchdeading to cytokine release, local inflammation,
and tissue hypoxia. Hypoxiaducible factor 1o (HIF-10) possesses a critical role in organizing adaptive
response during hypoxia, which was upregulated during SARSZioNection. Tian et al showed SARS-
CoV-2 ORF3a protein induces damage in mitochondria to prottel o production HIF-1o was also
found to play a role in facilitating SARS-CoV-2 infect®[66]. On the other hand, HBOT could decrease
HIF-10 expression and modulate both its activation and stability [67,68]. Although the role of HIR« in
generating post-COND-19 syndrome is not clear yet, those processes migtdfibén preventing worse
outcomes considering reinfection might occur. HBOT atsgerses these conditions by stimulating
vasoconstriction at an adequate oxygen environment, in cotiobinaith upregulation of vascular
endothelial growth factor (VEGF) and its mRNA expresq@®)]. Stimulation of angiogenesis after HBOT
also contributes to improved vascularization and oxygivery[69-71].

Hyperglycemia state has been linked to promoting nitxideo (NO) production via the expression of
iINOS and eNOS. A meta-analysis conducted by Assman bbadks that NO level was increased in TLDM
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patients of European ethnicify2]. The resultant effects of NO were concentration-dependérnth could

be beneficial or detrimental. NO has vasodilation progeittiat could reduce hypertension. However, in the
greater levels, NO might react with,Qwvhich produces more free radicals such as peroxynithtes
stimulating lipid peroxidation, metabolism of arachidoaiid, and prostanoid production [73]. Impaired
endothelial function was seen in this case as the réssganovic et al showed patients undergoing HBOT at
2.4 ATA/1h for 10 sessions decreased in INOS activityclvicatalyzes NO productidi4]. Depletion of c-
reactive protein (CRP) and free fatty acids (FFA) levaticates improvement of chronic inflammation in
diabetic patientsSystemic inflammation was also suppressed due to thessigmeof anti-inflammatory
cytokines such as IL-10, thus enhancing the immune sydikase conditions decrease the phosphorylation
of ERK1/2 and Akt, which in turn decreases activationN$¥«kB. As the result, INOS activity was
downregulated [74]. It is important to note that NO levelgedibetween individuals depending on existing
comorbidities. Gurdol et al reported increased NO lewefsmatients with diabetic foot ulcers who underwent
HBOT 2.4 ATA/3x25 minute/day for 6 days was associated withrovement in wound healin§75].
Increase in NO level was also associated with enhancep@jta activity[76]. These results might reflect
the role of HBOT in modulating NO levels.

Despite restoring insulin production, improvement in inssimsitivity of T2DM patients was also seen
after HBOT[77-79]. This effect was mediated by activation of the iimssignaling pathway in the muscles,
notably IRS1-Akt-GLUT4. Phosphorylation of Akt proteinlivgromote GLUT4 expression, thus decreasing
blood glucose levels. AMPK activation will enhance fattsidaoxidation and glucose utilization via
adiponectin, thus fulfilling cellular energy demdii@]. Hepatic glycogen storage increased concomitantly by
reducing GLUT2 transportation to the membr§stE. Cellular metabolism was shifted into glycolysis, which
preserves higher levels of ATP and enhances lactatacice [80]. Elevated expression of uncoupling
protein-1 (UCP1) in brown adipose tissue (BAT), as well azased cells density, also play a role in UCP1-
mediated thermogenesis, by which these processes weraddaepen glucose utilization and independent of
fatty acid oxidation [79,81]This phenomenon implied HBOT also exerts anti-atherageffects. These
processes might benefit in alleviating fatigue amongst@a¥/ID-19 syndrome patients, in which fatty acid
oxidation decreased and lactate accumulation incrg@2dHence, HBOT could be proposed as one of the
treatment modalities for patients with pre-existing Ddvhorbidity as well.

COVID-19 has been known to affect multiple organs bothctlireand indirectly. Surprisingly, few
symptoms presented as post-COVID-19 syndrome i.e., fatiguscular weakness, joint pain, dyspnea,
cough, anxiety, depression, brain fog, palpitations, chest thromboembolism, chronic kidney disease, and
hair loss[40]. HBOT has been known to have beneficial effects igam systems until biomolecular levels.
Few studies have been conducted to elucidate HBOT eife€@®VID-19/post-COVID-19 patients. Robbins
et al showed improvement in executive function, attentienbal function, information processing, glbba
cognition, and chalder fatigue scale amongst long COVID-1@matreceiving HBOT at 2.4 ATA/105 min
for 10 sessionfs6]. Experimental studies also showed that 2.5 ATA/90 min leBabsure for 14 days could
attenuate pulmonary fibrosis induced by bleomycin in \&vml in vitro via TGH3-induced fibroblast
activation downregulatiof83]. It was observed HBOT also could modulate NO expressioereivhdisease
with low NO levels, HBOT might upregulate it [75]. Akabet al reported NO exerts antiviral effects to
inhibit SARS-CoV-2 replication in vitro, thus preventivigal cytopathic effect§g84].

9 Safety of hyperbaric oxygen therapy
Hyperbaric oxygen therapy is generally safe at a partidolse. However, attention should be paid to all

patients receiving HBOT, especially those with relate@entraindications i.e., claustrophobia, upper
respiratory tract infection, etc. Whilst absolute caimdication is untreated pneumothof8%]. Side effects
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commonly occur due to high pressure and high oxygen ctratien administration. Most often, therapy
above 4 ATA results in barotrauma and oxygen toxicityh@ddgh serious complications rarely occur, safety
rules must be followed by all health workers involved in HB[85,86].

10 Conclusion

Hyperbaric oxygen therapy might be a potential therapynfi@raving new-onset DM among post-
COVID-19 syndrome patients. These effects might be attdbte improvement in cellular function,
especially pancreatip-cells which restores insulin production concomitamtlth the elevation of glucose
utilization and fatty acid oxidation. Modulation of infianatory pathway and increase in lactate clearance
might improve other post-COVID-19 syndrome alterationsesghfindings must be taken into consideration
since post-COVID-19 syndrome incidence tends to riseiadgmic still evolves. However, lack of literature
studying these effects on new-onset DM among post-CQMIByndrome patients should be noted. Further
studies regarding biomolecular, structural, and functidmahges in pancreatzcells correlated with clinical
improvement are required in order to understand the meshacbmprehensively. Therapeutic dose
duration, and side effects also should be studied to acbjgiveal effectivity.
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