1) God afternoon ladies and gentleman. Biochemical decompression: diving in the future

2) OBJECTIVE:

-H2-biochem. Decomp: Feasible concept in pigs.

-Mathematical model: predict DCS and quantify benefit of H2-biochem decomp.

3)Short diving intro:

-H2O covers almost 3/4 of the earth’s surface, and the inherent urge in man to explore has led him to wish access to these regions.  

-free diving 4500 B.C. performance of demigods and real humans from this era. Mostly free diving and findings of Pearls.

-Free divers used for military operations: Athenian attzack on syracuse.

-Diving bell: In 330 B.C. Alexander the Great was reported to have been lowered in a glass diving bell in the Strait of Bosphorus. 

- In the 17th and 18th centuries development of new diving techniques published Philosophical Transactions of the Royal Society. 1691 Haley the first patented wooden diving bell.

-As early as 1808, von Drieberg, “Triton” the first self-contained underwater breathing apparatus==SCUBA

-In 1865 Rouquayrol and Denaryrouse==the first diving suit with air delivered to the suit

MODERN SCUBA-

-1943 Gagnan and Costeau demonstrated their “Aqua Lung”==the beginning of modern recreational scuba diving

4)DECOMPRESSION SICKNESS 
Maybe the most important initial discoveries in diving research were made by the French physiologist Paul Bert (1833-1886).  Bert concluded that the amount of gas dissolved in the human body increases with increasing pressure, and nitrogen, which is an inert gas, accumulates proportionally as the pressure increases.  Upon ascent the pressure decreases, which result in a decreased solubility of the nitrogen.  The nitrogen is released into the blood system and transported to the lungs for exhalation.  This conclusion led to the discovery of the causes of decompression sickness (DCS), which is caused by a rapid pressure decrease in the ambient pressure with a subsequent accumulation of nitrogen in the circulatory system causing emboli.

5)Avoiding DCS

-Stick to published guidelines = 

-does not guarantee complete safety 

-each hyperbaric exposure finite probability of DCS 

-Increase the PO2 

-decrease the amount of inert gas dissolved. 

-Not possible at greater depths and 

-even O2 may cause DCS if the decompression is great enough.

-Don’t dive

-need for a method: make the decompression phase more safe

-been hypothesized that enhanced removal of the inert gas will reduce the supersaturation and the possibility of bubble formation and thus the DCS risk.

6) The research before and now:

-20th century: adjust the dive by limiting dive time, decomp rate, and gas composition

-21th century: adjust the diver: enhanced inert gas removal, increase blood solubility of inert gas=artificial recompression, block immune response

7) One such method for enhanced inert gas removal is biochemical decompression:

-The theory states that microbial metabolism of the inert gas will reduce the inert gas burden which in turn will reduce the DCS risk

8) Biochemical decompression:



*Possible using H2 or N2 as inert gas portion

*use microbes to metabolize inert gas

*microbe need appropriate location in the body, 

9) SHOW PICTURES OF M. smithii
WHY USING H2 for biochem decomp

-N2 fixing is inefficient (endergonic) reaction involving several steps and 

-toxic products

H2-several microbes able to metabolize H2 effectively,

-end products CH4 and H2O
10)Location:

one such location is the intestines: 

-contains many microbes that can metabolize H2 

-well perfused

- will not cause an immune response 

-end products are easily removed

11)For H2-biochemical decompression: RXN: 

-Methanobrevibacter smithii 

-delivered to the intestines 

- receives H2 by diffusion from the blood stream 

-converts H2 to CH4 and H2O

-CH4 measure of the efficacy 
- native and non-pathogenic to humans 

12) This graph shows a representative simulated H2 dive for a treated rat:

 -treated animal

-y-axis is time, 

-the right x-axis the ambient pressure 

-the left x-axis the CH4 concentration. 
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 indicate metabolism of H2 since mammalian tissues not able to meta. H2 

13) Bar Graph:

-Treated pigs have a significantly lower DCS risk than control

-surgical control added to make sure that there was no side effect of surgery

-QUESTION: Will the kinetics work in a larger animal

14) BAR Graph:

-similar study in pigs

-treated; received M. smithii, 
-again added a SC group but no difference between C and SC

-significant decrease in DCS % T vs C
15) Dose response effect:

-Increasing total activity decreases P(DCS)

-Data presented support H2-biochem feasible in pigs

-data only descriptive


-constructed a mathematical model

16)    OBJECTIVE: 

-Propose mechanism

-incorporate mechanism into model

-predict DCS and 

-quantify biochemical decomp 

17) probabilistic model 

–Background: views DCS as a random event. 

-Use the data outcome to fit specific parameters. ( =time constant, A=h2-meatbolism

18) Current WORKING HYPOTHESIS ON HOW BIOCHEMICAL DECOMPRESSION WORKS


-100 UNITS of H2, hypothetical units


-current working hypothesis on how biochem. Decomp works


-gas uptake: from exterioe down the pressure gradient to saturate the tissues


-intestines=any other organ in untreated animals


(bottom pig)


-similar mechanism as untreated pig for gas uptake


-intestines work as a sink 

-RESULT-lower mixed venous return (reduces alveolar PH2 (reduced arterial tension (longer time to saturation and at sat. slightly lower PH2
19) DECOMPrESSION


-animals saturated at 100 UNITS of H2 and decompressed to 50 UNITS

-the inert gas flow is again down the pressure gradient, i.e. from tissue to the environment


-in control only removal through exhalation

IN TREATED ANIMAL


-inert gas tension is slightly lower at sat.


-intestines=sink


-dual removal: exhalation, microbial metabolism


-RESULT: enhanced removal of inert gas=reduced DCS risk

20)Inert gas tension using the best fit parameters for a representative hyperbaric exposure for a control and treated animal


-AXES


-BLUE line: inert gas tension of control animal


-RED line: inert gas tension of treated animal

-CHANGE IN RISk is the area under the curve where Ptis>Pamb, small change lead to large change in P(DCS)

21) CONCLUSION:

-BIOCHEM DECOMP has been shown to be a viable concept in a large animal model


-The mathematical model offers a physiological mechanism

-the data suggest that removing even a small portion of the inert gas during a hyperbaric exposure will have a great impact on the DCS risk

22) What comes next:H2 biochem decomp


-Prepare a non-invasive method to deliver the microbes


-Determine dose, timing and safety

23) What comes next: N2 biochemical decomp


-Method should be similar


-Need more efficient microbes


-Need multi enzyme system and a way to remove toxic compounds

24) What comes next: PFC


-synthetic oils with high gas solubility


-IV injection would re-dissolve gas in a bubble very much like re-compression

25) PFC study


-Pig model showed that PFC post-dive significantly reduced the DCS incidence


-IV injection would re-dissolve gas in a bubble very much like re-compression

26) DCS more than just bubble damage: Immune reactions


-The bubble is believed to cause an immune response


-interleukin, TNF, complement, coagulation

27) Questions
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