Roles of the respiratory system:

· O2 and CO2 exchange

· acid base balance

· thermoregulation

· uptake and detoxification

· endocrine functions

· phonation

Mechanics of respiratory physiology

Inspiration: always active

· External intercostal mm

· Ventral part of internal intercostals

· Diaphragm

Expiration At rest, predominantly passive. (active component in horses, dogs – use rectus abdominus and intercostal m to actively push excess air out)

During exercise:

· dorsal parts of internal intercostal mm

· abdominal mm

The volume of air that enters the lung during inspiration, and exits during the following expiration, is the tidal

volume (TV).

TV x breaths/minute=minute ventilation (V.)

V.= volume of air entering or exiting the lungs in one minute

· Tidal volume used in anesthesia, ICU

· General guideline: TV ~ 12 ml/kg

· Efficiency of ventilation adjusted by changing minute ventilation (V. )

Elastic recoil of the chest and lungs

The thorax and lungs assume a resting shape, determined by the elastic recoil of the lungs and thoracic wall.

Elastic recoil of the lungs is due to:

1. elastic tissue: 1/3 of elastic recoil forces of the lung

2. surface tension in alveoli which tend to collapse – accts for 2/3 - greatest contributor  (H2O lines alveoli and it wants to come together causing s.t.)

· Surface tension of alveolar fluid layer decreased by surfactant (dipalmitoyl phosphatidylcholine) coating the fluid layer

Elastic recoil forces of the thorax come from musculoskeletal components. (provide shape to counteract the collapsing tendencies of the lung)

The rigidity of the thorax is greater in:

· large animals

· adults vs neonates

Compliance is the opposite of rigidity: greatest in neonates

At the end of expiration, pulmonary and thoracic elastic recoil forces are in equilibrium. The volume of air left in the

lung at that time is the functional residual volume or functional residual capacity of the lung (FRC)

Premature/dysmature foals are at great risk of respiratory failure d/t:

· insufficient surfactant -“stiff” lungs, difficult to inflate (surfactant made late in dev’t of fetus)

· very compliant chest wall

Leads to collapsing of chest inwards

Pleura and pleural fluid

Pleural fluid couples movement of thoracic walls and lungs (fluid fills potential space btw chest wall and lungs – lubercation and couples mov’t of lungs against chest wall – it is the interstitial fluid that has leaked out and will be reabsorbed)

· generated by visceral & parietal pleura

· absorbed by parietal pleura

CA – Pneumothorax = air in chest cavity will lead to collapsing of lung d/t a loss of connection btw thoracic wall and lung


Pleural pressure (Ppl) is subatmospheric = more negative (normally –ve at rest)

· (more [-]) during inspiration

· (more [+]) during expiration. (push of excess by creating a  slightly +ve pressure)

Ppl affected by:

· lung volume inc (more force to expand lung) - Ppl dec on inspiration (becomes more [-])

· lung compliance dec – Ppl dec on inspiration (more difficult to breathe in)

· air flow rate or airway resistance inc – Ppl dec on inspiration (need more –ve to draw air in against greater resistance) – Ppl inc on expiration (becomes more [+] to push air out)

Alveolar Pressures:
· Alveolar Pressure during inspiration must become slightly negative (begins at 0 and ends at 0 – slight decrease pulls air into alveoli – at rest they are at equilibrium with atmospheric pressure)

· Alveolar Pressure during expiration must become slightly positive (lungs collapse and push air out)

At rest, the effort of breathing is to overcome: 

· the recoil forces of the lungs and thorax

· resistance to air flow in airways

· ~ 60% of airway resistance to air flow is in nasal cavity, pharynx and larynx

· Bronchioles only account for ~20% of resistance to air flow in the lung itself, despite their small individual diameter, because of their large number. (total area is increased  - more airways open even though they are smaller)

Relative pressures on inspiration are Negative; on expiration are Positive

Interference with normal air flow causes dyspnea (=difficulty breathing). 

· Lung with non-compliant alveoli – unable to reach normal lung volume (not strong enough to overcome the forces to inflate fully and will return to resting volume more quickly)

· Lung with airway obstruction (inc resistance to air flow) – unable to reach full volume and takes longer (more difficult)

Upper airway obstructions: dyspnea on inspiration

· physical narrowing - stenotic nares

· functional (dynamic) narrowing - dorsal displacement of the soft palate (palate sucked in on inspir but blown out of way on exspir)

· combined physical and functional obstruction: - laryngeal hemiplegia (paralysis on one side); brachycephalic syndrome

Effect of upper airway obstruction on:

· inspiration

· pleural pressures – more -ve

· rate of air flow – dec 

· expiration

· pleural pressures - N

· rate of air flow - N

· tidal volume – N or dec w/ exercise

· functional residual capacity/residual volume – N

Lower airway obstructions: dyspnea on expiration

· physical narrowing: accumulation of secretions and pus; bronchoconstriction

· dynamic collapse of airways: intrathoracic collapsed trachea

· combination of physical and dynamic narrowing of airways: small airway disease (asthma, COPD, etc)

Note: see lower airways as donuts on x-ray d/t thickening

Small airway obstruction is characterized by:

1. constriction of smooth muscle (bronchoconstriction): Ach muscarinic receptors; inflammatory mediators – histamine, leukotrienes, etc

2. obstruction of airway: inc neutrophils and mucus (will block airways)

3. thickened mucosa

4. dynamic collapse of airways

Airway smooth muscle

constricted by:

· Ach (parasympathetic stimulation of muscarinic receptors)

· tachykinins (substance P)

· many inflammatory mediators (histamine, bradykinin, leukotrienes)

relaxed by:

· sympathetic (and systemic) stimulation (2 adrenergic receptors)

· nitric oxide (NO)

· vasoactive intestinal peptide (VIP)

Effects of small airway disease on:

· inspiration

· pleural pressures – N to more -ve

· rate of air flow – N 

· expiration

· pleural pressures – more +ve (harder/more work needed)

· rate of air flow – dec max speed

· tidal volume – N 

· functional residual capacity/residual volume – more residual left over (hyperinflated lungs)

· Mouth breathing decreases upper airway resistance

· Horses don’t mouth breathe: resistance decreased by: flared nostrils; constricted vessels; maximally dilating pharynx, Larynx

Dead space is any part of the respiratory system in which gas exchange does not occur, or fails to occur optimally

1. Anatomical dead space: upper airways, lower airway, bronchioles

2. Alveolar dead space: ventilated alveoli with poor blood supply

Physiological dead space = 1 + 2
Alveolar ventilation ( V.A) = V. going to functional alveoli

Dead space ventilation ( V.D) = V. going to dead space.

Factors affecting dead space and alveolar V.

· Species - dead space greater in large animals (33% of TV in dogs to dead space; 50-70% in LA)

· Frequency of breathing

· Tidal volume (deep breath to inc V.A)

· Equipment (anesthesia; need to minimize dead space)

Breath sounds

· Most “pulmonary” sounds due to air flow in large airways.

· high velocity

· turbulence

· Bronchioles and alveoli do NOT contribute to breath sounds directly

· low velocity

· laminar flow

· Normal breath sounds include:

· bronchial sounds

· bronchovesicular sounds

· vesicular sounds

Gas exchange: 3 essential concepts

1. Fraction of inspired air (FIA)

O2 ~21% of total air <->FIO2 ~ 0.21

2. Partial pressure (P) of a gas in air reflects number of molecules present

Air contains: ~ 79% N2,  ~ 21 % O2  ~ 0.03 % CO2  ~ 0.5 % H2O

The partial pressure (= tension) of any gas in air is PBarometric x FIA

Diffusion of gases is passive, down partial pressure gradient

3. Partial pressures of gases in solution depend on:

· concentration

· solubility
Partial pressure = concentration (v/v)    (volume per volume)

           solubility coefficient

· Water: CO2 is much more soluble than O2 in water

Relative solubility (in water):

O2 = 1

CO2 = 20

· Lipids: all gases are very soluble, diffusion is instantaneous.

H20 from tissues always leaking out into alveoli (warmer inside body than air temp) – addition of H2O leads to changes in proportions of all other components (ex. During exercise the CO2 production inc thereby dec space available for O2)

· Air in alveoli differs from inhaled air because of diffusion of gases into and out of FRC (each inspir/exspir turns over 1/7 of air)

Constant uptake of O2 and constant production of CO2

For CO2: PACO2 = (PB - PH2O) x VCO2 / V.A

Calculation of PAO2 :PAO2 = [(PB - PH2O)x FIO2] - PACO2/0.8= Alveolar gas equation

0.8 = respiratory exchange ratio = VCO2 /V O2

Exchange of O2 and CO2 in the alveoli relies on diffusion across the alveolar and endothelial walls

Diffusion of gases across the alveolar and endothelial walls is passive:

1. relative diffusion coefficient of gas (D)

CO2 D = 20 (CO2 is 20 times more soluble in H2O than O2)

O2 D = 1

2. surface area available for diffusion (A)

3. distance between air and blood (X)

4. driving pressure: [PA(gas) -Pcap(gas)] (less driving pressure on CO2 – but b/c so soluble it is still able to diffuse easily)

Driving pressure = [PA(gas) -Pcap(gas)] varies with:

· composition of inspired air

· rate of production of CO2 and VA

· rate of consumption of O2 and VA

Gas exchange can be expressed as: V(gas)= D x A x [PA(gas) - Pcap(gas)]/X

Blood entering alveolar capillaries = venous blood.

Oxygen: 
PvO2 ~ 40 mmHg 

PAO2 - PvO2 = 60 mmHg

strong pressure difference driving O2 into capillaries

Carbon dioxide: PvCO2 ~ 46 mmHg 

PACO2 - PvCO2 = 6 mmHg

small partial pressure difference

high diffusion coefficient of CO2

rapid equilibration of PCO2 

Effects of ventilation on alveolar gas composition

Dec VA -> inc PACO2 ->dec PAO2

Inc VA -> dec PACO2 ->  inc PAO2

Inc/dec in ventilation while keeping CO2 production constant will change the amt of CO2 removal hence changing the partial pressures

Exchange of O2 and CO2 in the tissues is due to diffusion

Tissue partial pressures:

· PtO2 ~ 40 mmHg at rest

· PtCO2 ~ 46 mmHg at rest

Variables affecting PtO2 and PtCO2

· X, distance between blood and tissue, depends on blood supply

· Driving pressure gradient depends on metabolism of cells

· PaO2, PaCO2

Active muscle uses O2, produces CO2

· PtO2 dec (PaO2 – PtO2) inc, driving O2 into tissues: PvO2 DEC

· PtCO2 inc (PtCO2 - PaCO2) inc, driving CO2 into blood: PvCO2 INC

During exercise, increased perfusion leads to:

· more capillaries open

· area (A) available for diffusion inc

· distance for diffusion (D) dec

· decreased diffusion time

· PtO2 INC

In the lung: increased cardiac output during exercise:

· Inc recruitment of blood vessels: Inc area for diffusion (more functional cappillaries)

· Inc velocity of blood flow in capillaries : at very high cardiac outputs, less time for O2 to diffuse (during exercise dead space is dec)

· Inc driving pressure due to PvO2 dec, PvCO2 inc

Ventilation/perfusion ratios

Ideally, ventilation (V ) should match perfusion (Q )

theoretically V/Q= 1 for each alveolus

Even in healthy animals, V/Q~ 0.8 = respiratory quotient

This is due to the existence of a physiological vascular right-to-left shunt due to:

· bronchial blood returning to L atrium

· blood from heart returning to L ventricle

Marked V/Q inequalities can arise from:

· cardiac anomalies such as the tetralogy of Fallot

· collapsed alveoli (functional right to left vascular shunt) V= 0; V/Q~ 0 (no ventilation even though we have adequate perfussion)

· Airway obstruction by exudates in severe pneumonia leads to decreased diffusion of O2

· Dec PAO2 and dec PaO2

· V/Q<< 1

· If we increase the amt of O2 coming in we can increase the driving force enough

· pulmonary artery thrombosis (no blood reached alveolus)

· PAO2 is normal, but Q = 0; V/Q = infinity

· Dec PaO2, normal to Inc PCO2

Alveolar-arterial oxygen difference (A-a gradient) can help differentiate between hypoventilation, inequalities and/or diffusion problems:

PAO2 calculated using a variant of the alveolar gas equation

PAO2 = [(PB - PAH2O) x FIO2] - PaCO2/0.8 (normal range is PAO2 – PaO2 = 0 to 10 with max 15)

Transport of oxygen and carbon dioxide Oxygen 

· is poorly soluble in H2O (3 ml/100mL blood at PaO2 = 100 mmHg) But metabolic needs are much higher

· Hemoglobin transports 97% of O2 in blood: complex formed from 4 heme molecules, with a ferrous iron (Fe++) in center.

· Oxygen uptake by hemoglobin removes it from plasma facilitates O2 movement into blood in lung

· O2 binding is a 4 step process:

· Heme-heme interactions: Binding of first O2   leads to conformational change and more rapid binding of next O2

Measurement of PaO2 and PaCO2

1. Blood gas analysis directly measures (dissolved O2):

· PO2

· PCO2

· uses those values to calculate O2 saturation of hemoglobin

· Venous blood – measure how much O2 and CO2 is being used/produced in tissues

· Arterial blood (femoral a, facial a, coratid a, metatarsal 3)– indicate respiration, and O2/CO2 levels before usage by tissues

2. Pulse oximetry measures what percentage of hemoglobin is saturated with oxygen:

· Given as % saturation of hemoglobin Normal: 95-100%

· Oxygen binding to hemoglobin can be expressed as:

· percent saturation hemoglobin (oximeter measurement, calculated blood gas values)

· volume oxygen (ml) per 100 ml blood= vol%

· O2 carrying capacity depends on Hb; O2 content depends on Hb + PaO2

· Oxygen carrying capacity of blood depends on PaO2 and Hb. 

· Hb fully saturated at PaO2 ~ 85-100 mmHg

· O2 unloading into tissues depends on PtO2

· PtissueO2 ~ 23 mmHg, Pinterstitial fluid ~ 40 mmHg

PaO2 - PintO2 drives unloading of O2 from Hb

Tissues need ~5ml O2/100ml blood; the Partial pressures need to be low to drive the unloading of O2 into them; the Interstitial fluids is at an intermediate level of pressure of  O2 causing the partial pressure differences that drive unloading

· Pint or Pt must be low enough to create a gradient pulling O2 off Hb

· Affinity of Hb for O2 can be altered by pH:

· right shift of oxyhemoglobin dissociation curve

· dec pH = inc [H+]  leads to H+ binds to Hb

· dec O2 affinity

· Inc unloading O2

· Need more O2 to saturate Hb at more acidic pH

· Exercise produces lactate acid (H) and facilitates the unloading of O2 to the tissues – it also produces CO2 to also facilitate mov’t of O2 to tissues (space available)

Other factors that cause a right shift, leading to easier unloading of O2 at a given PO2, include:

· hyperthermia, fever

· Inc PCO2

· Inc 2,3 DPG – a phosphate metabolite in RBCs

Factors that cause a left shift of the oxyhemoglobin dissociation curve result in decreased unloading of O2 at any given PO2:

· hypothermia

· alkalosis

· CO poisoning - CO binds to the same site on hemoglobin as O2 with much higher affinity, displacing O2. (CO binds to Hb with 200-250x more affinity than O2 – Tx with pure 100% O2 to compete for binding space)

· fetal hemoglobin

· Methemoglobinemia Oxidation of the ferrous (Fe++) iron of hemoglobin to ferric (Fe+++) iron by nitrites and other toxins leads to methemoglobin formation. Methemoglobin does not bind O2.

CO2 transport in blood

3 different forms:

· in solution (~ 5% total CO2) measured by blood gas analysis machines

· carbamino compounds (~ 25% total CO2): binds to NH of proteins (mostly Hb)

· as HCO3- (~ 70% total CO2) calculated by blood gas analysis machines

Bicarbonate

· carbonic anhydrase in RBCs catalyzes CO2 + H2O -> H2CO3  -> HCO3- + H+

· H+ binds to and is buffered by hemoglobin, particularly at low PO2: important role in acid-base balance

· HCO3- formed continuously

· HCO3-/Cl- exchanger in RBC membrane

· Cl- diffuses into RBC

· In the alveoli, O2 binds to hemoglobin (a very important buffer), H+ is released:HCO3- + H+ _H2CO3 _CO2 + H2O
Control of respiration - Respiratory centers in medulla and pons control breathing

· rythmicity

· TV

Other input affecting breathing

· receptors in the lungs, airways and thorax: mechanical changes, chemical changes

· chemoreceptors in vessels and CNS

· PO2

· PCO2

· pH

Peripheral chemoreceptors most sensitive to changes in PO2

· Carotid bodies (IX) at bifurcation of common carotid aa. PO2 especially < ~70 mmHg, Inc PCO2,  dec pH

· Aortic bodies (X) in aortic arch most active in fetus

As partial pressures of O2 in blood decrease the receptors fire more

Central chemoreceptors most sensitive to changes in PCO2

Blood brain barrier

· relatively impermeable to H+ and HCO3

· permeable to CO2

If PCO2  inc, CO2 crosses into CSF and interstitial fluid

In CSF:

CO2 + H2O <-> H2CO3 <-> HCO3- + H+

· Inc [H+]

· Dec pH because CSF has little buffering capacity

CNS chemoreceptors stimulated by inc [H+], not inc PCO2

All leading to INC Ventilation - CO2 can move across barrier and cause the production of H and HCO3 in the CSF to act on the central chemoreceptors to stimulate ventilation.

Pulmonary blood flow

· Low pressure system

· Pulmonary aa: 10-25 mmHg

· Pulmonary vv: ~ 5 mmHg

· Most resistance to pulmonary blood flow is in or just before capillaries

If pulmonary artery is block it will experience a pressure of 5mmHg (as in the venous side)

Pulmonary vascular pressure passively affected by:

1. cardiac pressure: pulmonary blood flow is pulsatile

2. pulmonary inflation 

@ low lung volume:

· extra-alveolar a&v compressed

· alveolar caps distended

@ high lung volume:

· extra-alveolar a&v distended

· alveolar caps compressed

Pulmonary vascular pressure actively affected by:

1. neural and hormonal factors: effect depends on amount of vascular sm. m. in small pulmonary aa. cattle, pigs >> horses > dogs, sheep

vasoconstriction of smaller pulmonary aa. by:

· activation of alpha-adrenergic receptors

· inflammatory mediators (histamine, serotonin, bradykinin)

· some prostaglandins (F)

vasodilation of small pulmonary aa. by:

· activation of beta-adrenergic receptors

· NO

· prostaglandins (D, E, I = prostacyclin)

2. Dec PAO2 causes vasoconstriction

leads to blood flow redirected to better ventilated areas of lung

· neonates

· pneumonia

· atelectasis (collapsed alveoli)

· altitude sickness

Response of the lung to hypoxia is vasoconstriction (V/Q gradient is low – therefore attempt to vasoconstrict to normalize it)

Fetus with full pul. Constriction to deal with complete hypoxia (helps shunt blood away from lungs)

Distribution of blood to lung

Dorsal portion of lung preferentially perfused in quadrupeds

preferential dorsal distribution of pulmonary bloodflow even during: exercise, dorsal recumbency

At rest: many unused capillaries

· With increased cardiac output (exercise) Leads to increased pulmonary pressures (to > 35mm Hg)

· passive distension of pulmonary vessels: release of NO, vasodilation

· recruitment of unused capillaries

During exercise – inc cardiac output and inc passage of blood through lings in order to not create backup on right side of heart – new capillaries will open to even out the pressures – will inc the amt of blood able to flow through and inc area available for gas exchange

Severe exercise in horses generates extremely high pulmonary vascular pressures (>90 mmHg) - exercise-induced pulmonary hemorrhage (under such high pressures capillaries will rupture – can control will drugs ie furosamide/lasix)

Fluid tends to accumulate in lungs: due to mechanical forces, fluid moves

from capillaries to interstitial space

Uptake of interstitial fluid by lymphatics critical to keep alveoli free 

of excess fluid. Pleural fluid pressure kept low by same mechanism. 

Heart problems can cause backing up and less drainage of 

lymphatics – leading to edema

Pulmonary edema can result from:

· increased pulmonary capillary pressure

· decreased plasma oncotic pressure

· damaged pulmonary capillaries

· fluid overload (administration of too much fluids)

Bronchial circulation

· Nutritional supply to airways and vessels.

· Venous return to right or left azygos vein in most species

· Some bronchial capillaries drain into pulmonary vessels:

· physiological R to L shunt

Bronchial vessels dilate & proliferate in response to hypoxia (act as systemic vessels)

Mechanical defenses of the lung:

Particle deposition (by size)

· largest particles: upper airways - Airflow rate fastest in upper airways (nasal passage, pharynx, larynx) – particles enter passage at high velocity and colloid with area near lymph tissues

· medium particles (1-5 _m diam) sediment out in airways (rate of airflow slows with branching)

· smallest particles diffuse to alveoli

Best defense is mechanical in upper/middle airways (other than immunology) 

Deposited particles are trapped by mucus generated by

· Clara cells in respiratory bronchioles

· goblet cells and submucosal bronchial glands (trachea and large airways)

Layering of mucus:

· sol layer is thinner, covers the epithelial cells

· gel layer is much more viscous and floats on sol layer: traps particles

Composition and secretion is under autonomic control. (sympathetic stimulation will dry up secretions; parasym will increase secretions and vasodilation) – CA – Atropine blocks parasym to decrease secretions during surgery to prevent choking (but it will also decrease gut motility – careful) 

Gel layer moved by the cilia located in the sol layer

Mucociliary transport (mucociliary elevator):

· Cilia in airways immersed in the sol layer.

· Forward stroke catches gel layer and moves it towards the nasopharynx, where it is swallowed.

· Impairments of this movement have serious consequences

Sneezing and coughing:

· accelerate the flow of air to expel particles from airways.

· triggered by rapidly adapting stretch and irritant receptors in airways (esp. upper/large airways).

Deep inhalation before a cough/sneeze to rapidly exhale to rid upper airways of debris – acceleration of airflow

Metabolic functions of the lung

Entire cardiac output goes through lung: ideal filter.

Endothelial cells have enzymes on luminal surface and metabolize vasoactive substances

· serotonin removed and degraded by monoamine oxidase

· norepinephrine removed to some degree

· bradykinin, angiotensin are metabolized by angiotensinconverting enzyme (ACE)

inactivation of bradykinin

conversion of angiotensin I to angiotensin II

· several prostaglandins degraded (PgE, PgF)

· exogenous toxins (paraquat etc)

Fetal and neonatal pulmonary physiology

Hemoglobin key to O2 transport in the fetus.

Origin:

· embryonic (yolk sack)

· fetal (liver, spleen)

· adult (bone marrow)

· Maternal PaO2 ~80-100 mmHg

· Fetal PuvO2 ~32-48 mmHg. Fetal tissue functions in hypoxic conditions relative to adult tissue.

In the fetus, hemoglobin has a higher affinity for O2 than in the adult, resulting in a left shift of the 

· Oxyhemoglobin dissociation curve.

· Ruminants have fetal hemoglobin

· Dogs, horses and pigs do not have “fetal” hemoglobin, but have little 2,3-DPG 

(= 2,3 diphosphoglycerate)

Fetal adaptations include:

· higher affinity for oxygen of Hb

· higher hemoglobin concentrations

· high cardiac output

· routing of oxygenated blood to tissues with greater needs

When maternal PaO2 dec - fetal PO2 dec

vasodilation in heart and brain

pulmonary vasoconstriction (pulmonary hypertension)

Development and maturation of the fetal lung

Sequence of development:

1. airways

2. pulmonary vessels

3. alveoli.

Surfactant synthesis starts mid- to late gestation: lung is not “mature” until sufficient surfactant is present to prevent collapse of lungs.

Birth

· Placenta detaches as fetus is in birth canal leading to dec fetal PaO2,   inc fetal PaCO2 

· Strong stimulus to inhale as soon as chest is able to inflate

· First breaths must overcome surface and elastic tensions to inflate collapsed alveoli (must generate –ve enough pleural pressures to allow alveoli to open and to have lungs expand in one hour leading to normal breathing)

First breaths must:

· establish FRC (functional residual capacity)

· Inc PaO2

In turn, Inc PaO2: 

· pulmonary vasodilation

· Dec RA, RV pressure

· Inc pressure differential between R and L chambers of heart

Simultaneous rupture umbilical vessels leads to:

· Inc systemic arterial pressure

· collapse of foramen ovale

· gradual constriction of ductus arteriosus

In the fetus the L and R pressures are equal (or R is slightly higher) in order to push clood through foramen ovale – but after birth the pressures changes dramically thereby closing the foramen ovale.

High pressure in the aorta will push blood back through the Ductus arteriosus (opposite direction of that which occus in the fetus – d/t pressure changes) and closes it.

Production of prostaglandins keep d.a. open – but the high O2 levels in the blood decrease production of prostaglandins – leading to its closure.
