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Chwong III. SINH LY HO HAP VA BONG BOI

1. Cac Khéi Niém Chung
1.1 Tiéu hao oxygen

Tiéu hao oxygen la lugng oxygen tiéu thu béi ca trong mot don vi thoi gian (don vi
tinh 1a mg Oo/kg.gio), va la mot chi tiéu quan trong d€ danh gid cuong d6 trao doi chat bén
trong co the.

1.2  Thai CO,

Thai CO; la lugng CO, do c4 thai ra trong mot don vi thoi gian (don vi tinh la mg
CO2/kg.gio).

1.3 Ngudéng oxygen

Ngudng oxygen la ham luong oxygen hoa tan trong nudc thip nhat 1am ca bi chét
ngat (don vi tinh 1a mg O,/L hay mL O,/L).

1.4 He s6 ho hap (Respiratory quotient)

Hé s6 hd hap la ti s6 giira thé tich CO, dugc san xuat ra va thé tich O, duoc tiéu thu
trong cung thoi gian do.

- _VCO;
RQ= VO,

~ Heésb hd hap cua ca thay doi tir 0,7-1. Hé s6 ho hp biéu thi qua trinh sir dung cac
chat dinh dudng dé tao ra niang lugng trong co thé: doi voi chat lipid c6 RQ = 0,7, protein
c6 RQ = 0,8 va carbohydrate c6 RQ = 1.
1.5  Tan s6 hd hap

Tan s6 ho hap 1a s6 chu ky ho hip cua ca trong mot don vi thoi gian, thuong tinh 1a
lan/phat. TSHH biéu thi cuong do hd hap cua cé.

) Tong quét ca con c6 TSHH cao hon cd truéng thanh, ca séng tang day c6 TSHH
thap hon ca song tang mat.

2. Co Ché Ho Hap

2.1  Swvan ddng co giéi cia sy hd hap bang mang
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S¢ di
dong nuéc co
thé thong qua

mang, khong
ngung cung
cap  oxygen
cho cé 1a nho
O su cuir dong
cua thanh
xoang mleng,

nip mang va
mang nap
mang d&d lam
thay d6i ap
luc bén trong
xoang mi¢ng H.5 So dd vi tri cia cac co chinh lién h¢ dén hoat dong hd hap & ca xuong

VA xoang nap

mang, lam cho nudc tur trong miéng chay vao va tir khe mang chay ra mot céch thu dong
ma dam bao dugc qud trinh trén.

Dé nghién ciru vé su diéu tiét ap luc xay ra bén trong co quan hd hap, phong hd hap
dugc chia thanh hai xoang: xoang miéng va xoang ndp mang, ngin cach boi cac mang. Hai
xoang nay cd thé thay d6i duoc vé thé tich bai hoat dong cia 2 bom va sy thong thuong
gitra hai xoang va nudc bén ngoai dugc bao vé bai cac valve.

2 ,‘\ V 1“I|' o
chu Ky 16 Hn Wguipny Xtgnamsg  onpny Mo s
A AL [ P \ S \/
ham duci bat b o i ] + I - 7T
diu ha xubng hY . -

tao ra mot su gia e
tang thé tich cua 1. I? 2. =
xoang  miéng, i;, t

két qua la mot
su giam ap luc
trong xoang do
lam valve miéng !

mo ra va nudc ) y .

tr bén ngoai

chay vao xoang L‘E‘_:FZZ] = E i‘.‘
miéng. Khuynh 3.

huéng dé cho
nréc dd vao i !
xoang miéng H.6 So d6 minh hoa co ché bom d6i cho sy théng khi & mang ca

chay qua. cac

mang rat yéu vi nap mang Van duoc dong va vi sy giam ap luc ¢ xoang miéng va thé tich
xoang nap mang van khong thay doi. Tlep theo sau mot cach rat ngan, nap mang mo ra va
tao ra mot sy giam ap lyc trong xoang nip mang ma sy giam nay thi l6n hon sy giam ap
luc trong xoang miéng. Két qua caa su khac nhau vé ap hyc s& 1am cho nudc chay tir xoang
miéng vao xoang nap mang ngang qua c4c mang. Khi ham dudi bat dau di 1én thi thé tich
caa xoang miéng giam xudng, &p luc caa no ting 1én va valve miéng dong lai. Nudc d4 vao
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xoang miéng duoc diy nhanh vao xoang nép mang. Nuéc chay vao xoang nip mang sé
lam tang ap lyc trong xoang nay va vao ldc nay nap mang bat dau dong lai, valve nap
mang s& dugc Mo ra va nude di ra ngoai khoi xoang nap mang. S& co rat it hogc khong co
dong nuéc tir xoang nap mang chdy ngugc vao xoang miéng bsi vi ap luc rat Ion trong
xoang mi¢ng. Tuy nhién, & vao thoi diém khi ham dudi bat dau di xudng trong sy dong lai
caa nap mang, hau qua la sy giam ap luc (do tang thé tich) trong xoang miéng va sy ting
ap luc trong xoang nap mang s¢ tao ra khuynh huéng day dong nudc chay nguoc lai. Thoi
glan nay co thé chi rat ngan s6 luong nudc doi nguoc cua dong nudc S8 khong I6n 1im bai
vi su chénh léch nho vé 4p lyc va didu nay c6 y nghia quan trong vi nd lam xao dong
nhirng 16p nudc khong hoat dong cua bé mat mang. Vao ldc nay su glam cudi cling veé the
tich & xoang nap mang xay ra va két qua la sy dong xoang nip mang va chu ky mai lai bat
dau.

2.2 Hién twgng suc rira

Cé hd hap 1am cho mang bi ban, ngin can qua trinh trao d6i khi giita nude va méu
ngang qua bé mat mang, vi thé dién ra hién tugng sic rira mang o ca. Tac dung cua no la
stc rira sach nhitng chat ban ngoai lai bam trén mang, rira sach lwoc mang, tién cho qua
trinh trao doi khi. Sw van dong stic rira ndy khac voi dong tac van dong ho hap thong
thuong: khi phat sinh hién twong nay, trugc tién miéng va nip mang khép chit lai cung
mot lac, sau d6 mo ra ngay nham 1am giam &p luc nudc trong xoang miéng va xoang nip
mang. Sau do mleng va nap mang tiép tuc dong lai cung lic lam ting ap luc nudc trong
xoang miéng va xoang niap mang. Hoat dong nay duoc I3p di 1ap lai nhanh va nhiéu lan
lam cho nudc trong xoang miéng va xoang nap mang bi xao dong manh, dan dén cac chat
ban bi bong ra va theo dong nudc dua ra ngoai.

2.3 Swvan chuyén cac chat khi béi cac sic té hd hap

Céc chét khi trong méu c6 thé ¢ hai dang: dang hoa tan vat Iy va dang két hop hoa
hoc. Bai bo phan oxygen va CO, trong mau ¢ dang két hop hda hoc.

a. S v@n chuyén khi oxygen

* Chute nang cua hemoglobin

Yéu cau dau tién caa mot chit van chuyen khi oxygen la kha ning két hop thuan
nghich véi oxygen du dé cung cap cho nhu cau cta dong vat. Trong diéu kién ap suat riéng
phan cta oxygen nhu nhau, ham luong oxygen trong huyét turong nho hon nhiéu so v6i
trong mau. Tir d6 co the suy luan rang oxygen trong mau cha yéu 1a két hop véi hong caun
Oxygen trong hong cau ket hop véi hemoglobin (Hb) thanh oxyhemoglobin (HbO;). O
nguoi, lic 1 g Hb hoan toan chuyén thanh HbO; c6 thé két hop dugc 1,34 mL oxygen.

Bic diém cua Hb la d& két hop véi oxygen khong can tac dung xdc tc cia enzyme
ma chi phu thuoc ap suét riéng phan cua oxygen (pOz). Khi pO cao nhu ¢ mang thi Hb s&
ket hop vaéi oxygen

Hb + O, —— HbO; (oxyhemoglobin)

Khi pO, thap (& md) thi Hb s& tach oxygen dé dang
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HbO, ——= Hb + 0O

Dé so sanh kha ning van chuyén oxygen cua mau dong vat, ngudi ta ding khai
niém dung lugng oxygen (oxygen capacity, OC) la s lugng oxygen dugc mang trong mau
hay té bao mau khi ching dwoc bdo hoa. Ham luong oxygen thuorng dugc dién ta bang
Vol% (volumes per 100 mL) hay mole/L cua oxygen trong tong sé méu hay té bao mau.

Céc dong vat xwong song méu lanh (dong vat bién nhiét) c6 OC thap hon hitu nhii
va chim, thuong tir 5-12 Vol%. Bong vét nhé c6 khuynh huéng c6 OC thip hon dong vat
truong thanh. G mot sb ca cham chap sdng & nudce acid va co co quan hd hap phu dé the
khi troi thong thuong c6 OC mau thap. Luong OXygen cua vai loai ca xuong séng o tang
mat thi cao (trung binh 19,9 Vol%) hon cac loai ca song day (3,4-8,4 Vol%). C4 hoat dong
nhu ca thu (mackerel) c¢6 khuynh huéng c6 OC cao hon ca sbng cham chap nhu cé coc
(soldierfish).

* Pirong cong can bang oxygen

Néu mot &p suat riéng phan 1007 10
oxygen cao dugc can dé bdo hoa mot
sic t6 hd hip (Hb, Hey), saic t6 do .
duoc goi la co ai luyc oxygen thap, ‘é 751 L
nguoc lai néu mot ap suat riéng phan g §
oxygen thap dugc can dé bdo hoa mot ? 5
sic 1o, sic t6 do dugc goi la co i lyc  © so- k5§
oxygen cao. Mau cua thuy dong vat cd S X
ai lyc oxygen cao hon dong vat mau 3 N
néng, mau cua ca con cd ai lyc oxygen ol S
cao hon ca truong thanh. Déso sanh i
lyc oxygen cua cac sic t6 hd hip
ngudi ta thuong dgng_khéi nigm Pos A i = =0
hay Pso la ap suat riéng phan cua Partial pressure O, ~mm Hg
oxygen ma ¢ d6 95 hay 50% Hb duoc H.6 Buong cong cin bing oxygen ciia mau ca
mang oxygen. C&c khai niém nay duoc thay d6i theo pH méu

xac dinh chinh xéc hon ép suét riéng
phan cua oxygen ma Hb mang hay b&o hoa oxygen.

Su lién h¢ giita oxygen dwgc mang boi Hb va ap suat riéng phan cia oxygen duoc
biéu thi boi db thi phan trim bdo hoa cua Hb dya vao ap suat riéng phan cua oxygen,
dwong cong can bang oxygen. Céc loai sic té khac nhau c6 dudng can bang oxygen khac
nhau. B4i véi Hb co (myoglobin) hay Hb cua cyclostoma, trong d6 moi phan tir Hb c6 1
heme (dang monomeric) thi duorng cong can bang oxygen ¢ dang hyperbol; dbi véi ca
tién hoa hon, mdi phan tir Hb ¢6 4 heme (dang tetrameric) thi duong cong thuong c6 dang
chix S, cho thay ltc ap suét riéng phan cia oxygen bang 0 thi trong mau khong c6 HbO,,
khi &p suat riéng phan cia oxygen tang thi % HbO; trong mau tang I&n va tré nén bdo hoa
& &p suit O, thip hon nhiéu so véi &p suat khi troi cua oxygen (155 mmHg).

* CAcC yéu to anh hudng dén dwong cong can bang oxygen
- COy: tong quét, khi CO, tiang lam dudng cong can bang oxygen doi vé phai (kha

nang bdo hoa oxygen cua Hb bi giam) va nguoc lai.
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_ - pH: nguoc Vc’gi anh huong cua CO,; tong quat, khi pH ting 1én lam dudng cong
cén bang oxygen doi vé trai (kha ning bdo hoa O ctia Hb tang 1én) va nguoc lai.

- Nhiét do: ca la mot dong vat bién nhiét nén mau cé rat nhay cam véi su thay doi
nhiét d6. Tong quat, khi nhiét d6 tang lam duong cong can bang oxygen doi vé phai (kha
nang bdo hoa oxygen cua Hb bi giam) va nguoc lai.

b. Sw vé@n chuyén khi CO,
a. Sy chuyén chg CO;

) Trong mau chi,cc’) 2,7% CO, c"r,dang hc‘)g tan con tuyét dai bp phan CO, déu & dang
két hop. Trong dang Két hop nay co6 dén 80% ton tai dudi dang mudi bicarbonate, con 20%
¢ dang ket hop truc tiep véi hemoglobin.

+ Su két hop va phan ly caa mudi bicarbonate
CO, khuyéch tan tir md vao méu theo su sai biét 4p suat va duoc mang vao trong

huyét tuong nhu CO, hoa tan. Mot phan nho cia né phan @ng véi nuéc (s hydrat hoa) tao
thanh acid carbonic:

CO, + H,0 5 H2COs (& huyét twong)

. Tuy nhién su hydrat hoa cua CO, xay ra rat cham khong thé thoa man duogc nhu
cau thai CO,. Vi theé phan Ion CO, tiép tuc khuyéch tdn vao trong té bao hong cau, noi sy
hydrat hda ctia n6 dugc xuc tac boi enzyme carbonic anhydrase (CA).

CO, + HZO H.COs ((Y hong CaU)
Acid carbonic lai nhanh chdng phan ly cho ion H* va HCO3’
H,CO3; ——= H" + HCOg3'

Méu mot mat ldy CO; tir trong md bao tao ra acid carbonic, mat khac do & mé bao
phan ap O, giam, nong do H* va CO, ting 1én nén oxyhemoglobin lai phan ang cho ra Hb
hoan nguyén va giai phong oxygen.

Oxyhemoglobin va Hb hoan nguyén déu la nhitng phén tir acid, trong hong cau né
chi yéu két hop véi ion kiém (phan lon la K ). Hb hoan nguyén la acid yéu hon acid
carbonic vi thé acid carbonic cudp goc kiem K* cua Hb hoan nguyén sinh ra mudi
bicarbonate.

KHbO, 0O, + KHb
KHb K"+ Hb
Hb + H* _  HHb
K"+HCO3 —— KHCO3 (hdng cau)

Do ¢ md bao CO, khong ngumg di vao mau vi thé nong do HCO; trong hong cau
khéng ngirng ting 1én vuot qua ndng do cua né trong huyét twong cho nén mot s6 HCO3
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s& tham qua mang hong cau di ra huyét twong lam cho ion 4m trong huyet tuong tang 1én
mot cach twong doi. Dé can bang ion am, ion CI tir huyét twong di vao hong cau.

H"+Cl __o HCI
_ Qua trinh CI" tir huyét twong di vao hong cau goi la “sw dich chuyén ion Clo”. Sy
can bang nay theo hiéu ung Gibbs-Donnan. Trong khi d6, HCO3™ ra huyet twong ket hop
voi Na* tao thanh muoi bicarbonat.

HCOs; + Na* s NaHCOs (huyét tuong)

Qua céc phan ung xay ra ¢ tinh mach, dai bo phan CO; duoc bién thanh mudi
bicarbonate (KHCO3 trong té bao hong cau va NaHCO; trong huyét turong).

Khi ¢én mang, do phan &p CO, giam nén H,CO; phan ung thanh CO, va nuéc.
H,CO; —— H,0 + CO, ((Y mang)
Ldc nay HHb s& két hop voi O, thanh HHbO,
HHb + O, —~ HHbO; — - HbO,; + H*
Oxyhemoglobin (HHbO2) la mét acid manh hon acid carbonic nén cuép gdc kiém
K" ctia muoi bicarbonate potassium (trong hong cau) tao thanh oxyhemoglobin potassium
va giai phong HCOs'.
HbO, + KHCO; - S KHbO, + HCO3
C.A

H"+HCO;y ——> H,CO; _ =" H,O + CO;, (thai ra & mang)

Do phan ung trén nén HCO3" trong hong cau giam vi vay HCO;" trong huyét twong
dugc chuyén vao hong cau va nguoc lai, CI lai tir hdng cau di ra huyét tuong.

Trong khi d6 NaHCO; trong huyét twong khi dén mang lai tach ra thanh Na* va
HCOj3', HCOs™ tré lai hong cau va két hop voi H'.

HCOs + H' — > H,CO5 &2 H,0 + CO;, (thai ra & mang)
+ Sy két hop va van chuyén khi CO, tryc tiép

- CO2 di vao hong cau mdt phan nhé két hop truc tiép voi goc amin trong phén tir Hb
dé tao thanh carbamino hemoglobin.
md bao
Hb-NH, + CO, <— Hb-NHCOOH (carbamino Hb)
mang
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Carbamino Hb khang bén virng, né phan ing theo chiéu thuan trong diéu kién phan
ap CO, tang nhu & mé bao va phan ng theo chiéu nghich khi CO, giam nhu ¢ mang, va
giai phdng CO, ra ngoai.

. Enzyme carbonic anhydrase

Khi CO, hoa tan trong nudc va trong mau dé hon nhiéu so véi O, (khoang 25 Ian)
nhung néu chu y dén thé tich mau di qua mo va lugng khi CO; tao thanh (can thai ra) thi
tham chi voi d6 hoa tan 1on nhu vay cia CO; la ciing khong da dé dap ung nhu cau thai
CO, cua co thé. Vi thé can phai c6 mot co ché dic biét dé lam ting kha ning ciia mau
trong viéc lién két CO,.

Vin dé thir 2 trong van chuyén CO, la méau trong cac mé bao thi lién két CO, va &
mang thi thai ra CO,. Néu nhu trong sy van chuyén O, c6 nhiéu thuan loi dé tiép nhan va
thai O, vi & mang do tac dung ctia dong chay ddi luu nén mau ludn ludn tiép xdc véi nudc
¢6 ndng d6 Oz cao hon nhiéu so véi & cac md bao. Trong khi sy chénh léch &p suat riéng
phan CO, & mo bao va mang chi khoang 6 mmHg, c¢6 nghia Ia sy khac biét vé& ap suét khi
twong d6i khong Ion.

Cudi cling van d& thar 3 nay ra tir viéc giai dap van dé thir nhat. Van dé 1a ¢ chd
mau ¢6 kha nang van chuyén mot luong CO, 16n nhu thé 1a duéi dang bicarbonat, nghia la
CO> can lién két voi nudc trong mau tinh mach. Bicarbonat duoc tao ra bang con duong
nhu vay khi tiép xic vai oxygen trong mang lai bi phan ly thanh CO, va nu6c, d6 1a phan
ung thuan nghich.

CO, + H,O - HCO; + H

Nhung & nhiét d6 cua co thé, toc d6 cia nd khong du d¢é dap ung yéu cau thai khi
CO..

Vin & nay duoc giai quyét nhd trong hong cau co céc enzyme xdc tac cho cac
phan ung trén; quan trong nhat la enzyme carbonic anhydrase (CA).

Enzyme carbonic anhydrase duoc phan b rong rai trong gioi dong vat, né thuc day
su hydrat héa CO, hd hap trong té bao mau dong vat trén can va cac thay dong vat, né
ciing quan trong & cac mé khac, noi ma su van chuyén CO, va su thanh Iap bicarbonat c6
cac chuc nang khac hon ho hép, nhu trong su acid hda nudc tiéu ¢ than dong vat xuong
sbng va su tiét acid dich vi.

Enzyme carbonic anhydrase chi c¢6 trong hong cau nén phan ang két hop va phan ly

CO, véi nwéc chi tién hanh nhanh chéng trong hong cau. Khi hong cau v ra thi chirc nang
nay caa CA bi mat di.
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c. Sw trao doi khi ¢

mang va mo = -
0, €O M
2. ’ o 1 —— S
Su trao doi khi & ¢ ",
mang va moé duoc tém tat & | CO, =— HCO, + H* Huy€1 twomng
so do sau. A
1'_‘(-
S SR e~
CO, == |
Y
HihH === HbO, « 1 Sy enation
0) HbH = ,.. Hhb( :.l | Y EeT i
A = v
CO, =T HCO, + H Hing ciu
RPN
C(, - » HCO I

Munj.-_
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H.7 Qué trinh trao ddi khi xay ra & mang va md
d. Sw hiéu qud cia hé thong trao déi khi
Qua trinh trao doi khi giita mau va nugc la mot qué trinh phirc tap. Dé khao sat “su
hiéu qua” (effectiness) cua mot hé thong trao do6i khi 1a mang, ngudi ta dung nhirng khai
niém:
Cudng do trao doi khi (vi du oxygen) that su:
R= VW * Sw (Twin - Twout)
hay phuong trinh twong duong:
R=Vp*Sp (Toout— Thin)
(Vw va V, la thé tich dong nuéc va mau trong mot don vi thoi gian, Sy, va Sy 1a hé
s6 hoa tan hay hap thu oxygen cua hai dung mdi khi khi dugc chuyén tir nude vao mau, Ty,

va Ty 12 4p lyc cia khi trong hai dung méi khi chung di vao va roi khoi bé mat ho hap).

Cudng do trao doi khi that sy ndy ¢ thé so sanh véi cuong do van chuyén oxygen
cuc dai ly thuyet (Rmax). Cuong d6 nay thu duoc tir mot may trao doi nguoc dong véi bé
mit van chuyén oxygen 1a vd han.

Rmax = Vb * Sp (Twin— Thin)
Trong truong hop nay oxygen duoc van chuyén tir nuéc vao mau vi thé ap luc

oxygen trong nudc di ra twong duong véi 4p luc trong mau di dén.
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Nhitng cong thire dung dé tinh toan su hiéu qua cua hé thong

Cuong d6 van chuyén khi that sy (R)
Cudng do van chuyén khi cuc dai Iy thuyét (Rmax)

Su hiéu qua = * 100

Sy hidu qua tdy thuoc 3 yéu té quan trong:
(i) Ti & dung lwong giira 2 dung méi trao doi. Day 1a

Vw * Sw — CW
Vi * Sy Co

mac du nhirng tinh toan nay thira nhan rang: Vi *Sy < Vp*Sp

(ii) S6 luong nhirng don vi tai: 1a nhung don vi qu1 wdc, phu thudc ti s6 giira dung
luong trao doi oxygen cua dong nudc di vao va dong méu dén mang. Dung lugng oxygen
trao d6i cua mang tly thudc di¢n tich mang va hé s6 trung binh, biéu thi nhitng khoang
cach va nhiing dic tinh dan truyén oxygen trong 2 dung méi ngang qua thuong bi mang. Vi
du: khi dién tich mang I6n va khoang cach trung binh giita nuéc va mau nho thi s lugng
nhitng don vi tai nhiéu.

(iii) Sy thich hop ciia dong chay giita 2 dung méi trao doi:
Sy lién hé gitra nhitng yéu té nay va “su hiéu qua” duoc trinh bay ¢ hinh bén dudi.

Két qua cho thdy ring khi dung lugng oxygen ciia nu6c nh hon nhiéu lan so voi
dung lugng oxygen cua mau. Vi du: khi ti 1¢ dung lugng (CW/Cb) gan bang 0, su hiéu qua
caa van chuyén oxygen tir nudc vao mau cd thé 1a 100% va khong tay thudc dong chay dbi
lyu hay dong chay song song. Tuy nhién, su hiéu qua s& khéac di khi ti 1¢ dung lugng tién
t6i mot tri 6 khac va khi chung twong dwong thi viéc tién hanh mot dong chay d6i luu thi
t6t hon nhiéu so véi sy tién hanh mat dong chay song song, ma khdng thé dat mot hiéu qua
l6n hon 50% ¢ ti 1¢ dung luong = 1. Trong tat ca cac truong hop su hiéu qua dugce gia tang
khi s6 lugng nhitng don vi tdi gia tang. Vi du: sy hiéu qua s& t6t hon trong mot hé thong c6
dién tich mang tong COng I6m hon, sy tiép xUc gan giii giita nuwéc va mau, toc d¢ dong chay
thap. Tuy nhién chl y rang ti I¢ gia ting cta sy hiéu qua giam xudng & nhitng sé luong cao
hon cua nhitng don vi tai va khdng thé cd loi hon dé gia ting dién tich mang I6n hon
nhiing gigi han nao do.
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H.8 Su lién hé giira su hiéu qua va sé luong cua phfrng don vi tai & cac ti I dung lugng khac
nhau. (a) dong chay gitra mau va nuéc nguoc chiéu nhau va (b) dong chay gitta mau va nuéc
song song (theo Kays and London, 1958).

e. Mirc d¢ sir dung oxygen

Muc d6 sir dung (MDSD) oxygen la ti 1¢ (phan trim) giita ham lwong oxygen duoc
st dung khi di qua mang va ham lugng oxygen c6 trong nudc khi di vao mang.

Mtc d6 sir dung oxygen thay doi theo thé tich nuée duoc thong khi. Tong quét khi
thé tich nudc thong khi gia ting, MDSD oxygen giam xudng. Co hai ly do dé giai thich
hién twong nay. Mot 14, mot thé tich nudc 16n ngang qua thuong bi mang s& 1am giam thoi
gian trong dé trang thai can bang ¢ thé duoc thiét Iap gitra nudce va mau, didu ndy sé dan
t6i mot s giam sir dung oxygen trong dong nuéc hdt vao. Hai 13, & nhirng thé tich théng
khi cao, khdng phai tat ca nude di vao trong tiép xuc véi to mang (gill lamella) va diéu nay
dan dén két qua lam giam sur dung oxygen.
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Sy lién hé gitra mau va nudc duoc lam phac tap hon nira bai su khéc nhau vé kha
ning van chuyén oxygen caa 2 dung mi. Phan 16n méu ca co dung lugng oxygen dat tGi
10 vol% trong khi nudc dugc bdo hoa oxygen hoan toan ¢ 10 — 20°C, thuong la 0,6-0,9
vol%. Piéu nay cho thiy ¢ ca, mot MBSD oxygen 80% la cd du oxygen dé bdo hoa 1 thé
tich mau ma chi can 1/15 thé tich nuéc duoc théng khi. Nhirng su do lwong % béo hoa cua
mau ¢4 chi rang sau khi di ngang qua mang thuong it nhat 90% Hb duoc bdo hoa oxygen.
Nhitng gié tri kém hon su bdo hoa oxygen cia mau ca huéng tdm dwoc tim thay hau nhu
béng 0 ¢ ca trout, nhung co thé I6n hon nhiéu & cac lodi ca khac. Vi du: ca chép 32%,
catfish 62%, sucker 31% (Ferguson and Black, 1941); tir d6 cho thdy MDSD oxygen cua
c4c loai c& khac nhau
thi rat khac nhau va
muac do cuc dai cua
viéc s dung oxygen
dugc Van Dam (1938)
dé¢ nghi la 80% & :
khoang 30 mmHg O; -
Cua nudc. ;

Vi nhirng
MBSD oxygen khéc
nhau tng véi nhitng
thé tich nudc théng
khi khac nhau, ca s&
chon thé tich thong khi
nao 1 ¢ lgi nhat. Van S
Dam (1938) khao sat Rielotive levels of gill ventilation volume
su lién hg giira thé tich

R R H.9 Duong cong ly thuyét biéu thi anh huong cua su giam su sir
thong khi va dl}r_(jng dung & nhiing thé tich thong khi cao hon va gi tri oxygen déi vai 1
pxyg(in t}r_orngA Ol €0 concas nhitng thé tich thong khi khac nhau

ich doi voi mot con ca (thong khi nghi = 1) theo Van Dam (1938)

da cho cac gia tri ve

MBSD oxygen. Mot

su gia ting 2 1an cua sy thong khi s& 1am ha thip sy MBSD oxygen tir binh thuong 12 80%
xudng 75%, mot su gia tang thong khi 5 1an 1am MBSD oxygen giam xuéng 50%, va mot
gia thuyét gia ting thong khi 10 lan s& gizm MBSD oxygen xudng 20%, c6 I& 1a mot gid tri
cao. Nhu vay, mot con ca khi ¢ trang thai nghi (tng véi tiéu hao oxygen nghi), thé tich
thdng khi 1a 1 ang véi lwong oxygen tuong ddi c6 ich 1a 1 thi d thoa man nhu cau oXygen.
Khi thé tich thong khi gia ting (MBSD oxygen giam xuong) thi lugng oxygen tuong doi
co ich gia tang va dat toi cuc dai gan bang 3 g vai thé tich thong khi tang 5 lan (MDSD
= 50%) va khi thé tich thong khi tang dén 10 (MBSD = 20%) g véi lugng oxygen tuong
d6i c6 ich 1a 2,5, lic nay ca chi c6 thé vira thoa man nhu cau oxygen. Mic khac, khi &
trang thai tang cuong van dong (ing véi tieu hao oxygen khi van dong tich cuc), ca chi co
thé thoa méan nhu cau oxygen khi the tich thong khi ting 5 1an (MBSD = 50%) {ng Véi
lugng oxygen tuong dbi ¢ ich 1a gan bang 3.

3. C4c Yéu To6 Anh Huwéng dén HO6 Hap cia Ca

31  Nhiét dp
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Khi nhiét d6 nudc ting cao s& lam gia ting cuong trao ddi chét cia co thé do do6 gia
tang nhu cau oxygen dong thoi giam kha ning lién két oxygen caa Hb. Mit khéc, nhiét do
gia tang lam giam ham luong oxygen trong nudc. Do nhu cau oxygen ting cao va kha nang
bao hoa oxygen cua Hb giam, ca phan ing bang cach ting cuong dua nudc qua mang bang
cach taing TSHH, gia tang van téc mau dén mang va huy dong hong cau tir cac kho du trix.
Tuy nhién, ¢ nhiét d6 cao gan ngudng chét ndng cua cé, do sy suy nhuoc co thé, TSHH
cta ca thudng giam thap.

3.2 Oxygen va carbonic

Dép ing cua cAc lodi ca ddi véi nhitng thay d6i ham luong O, va CO, cia nudc
khac nhau dang ké. Tong quat, ca xuong dap tng véi ca hai sy thang du CO- va thieu O;
bdi mot su gia tang thé tich nudc dugc bom qua mang.

3.3  Swgia tang hoat dong

Luc co thé van dong, cudng do trao ddi chat va qua trinh 6xi hoa ting manh, luong
O, can thiet cho co thé va lugng CO; co thé can thai ra déu tang 1én.

Ca : trao d6i chat van dong = 4 lan trao doi chét co so
Nguoi : trao doi chat van dong = 20 lan trao doi chat co s¢
Contrang:  trao doi chat van dong = 100 lan trao d6i chat co so

Ldc nay hd hip ting nhanh va sau dé ting cudng dua nudc qua mang; dong thoi
lwong mau day ra trong moi lan tim dap ciing tang 1én nén lugng mau va toc do mau den
mang ciing tang lén.

3.4 Sy thay déi dp pH

pH bién di vé phia acid hay kiém lam tang qua trinh tiét chat nhay. Chét nhay bam
trén bé mat mang s¢ lam ngan can qua trinh trao doi khi gitra mau va nudc. O pH qué thap,
mang ca bi ton thuong va ca khong con cd kha nang ho hap.

3.5  Anh hwdng ciia cac chit doc hoa hec khéc

- Khi nong ¢ ammonia (N Hs) trong nudc ting s& lam ngin can qué trinh tiét
ammonia qua mang, dan dén sy gia tding ammonia trong mau va mo, gia tang pH mau va
anh huong bat lgi dén cac phan rng sinh hda cd sy xUc tac cia enzyme. Nong do ammonia
cao trong nudcC ciing lam gia tang tiéu hao oxygen, tén thuong mang va giam kha nang van
chuyén oxygen ciia mau.

- Nitrite (NO) dugc hap thu boi ca s& phan tng véi hemoglobln cho ra
Methemoglobln (Met Hb), 1am mat kha nang van chuyén oxygen caa mau. Ca bi chét ngat
do ‘bénh mau nau’.

- Hydro sulfide (H2S) c6 thé 1am giam kha ning lién két oxygen cia mau (tinh
trang hypoxia) l1am cé bi chét ngat.
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4. Co Quan Hé Hap Phu

Co quan ho hép chi1 yéu cua cac loai ca 1a mang, nhung do 'moi truorng séng thuong
Xuyén bién dong vé thanh phan khi, nhat 1a oxygen, nén & mot s loai ¢4, su ho hap bang
mang khong du dé thoa mén nhu cau oxygen cua co thé nén ching phét trién co quan ho
hép khac ngoai mang duoc goi 1a co' quan hé hdp phu véi nhiéu hinh thirc nhu hé hap bang
rugt, da, co quan trén mang va phoi. Cac co quan hd hip phu c6 nhiéu dang khac nhau,
nhung c¢6 cung mot dac diém chung 1a c6 vi ti huyét quan phan bd day dic va co thé hdp
thu oxygen tryc tiép tir khi troi. Ca hd hap bang mang, lay oxygen hoa tan trong nuéc, nén
cac yeu t6 moi truong tac dong dén qua trinh hd hap cua cd manh m& nhung it anh huong
dén qua trinh trao doi khi bang co quan hd héap phuy.

O day can phan biét hoat dong sir dung co quan ho hap phu véi hién tuong ‘ndi
dau’ ¢ nhitng ca khong c6 co quan ho hap phu. Khi oxygen trong nudc bi giam thap thi c&
khong c6 co quan ho hip phu thuong ndi 1én miat nuée Vi ¢ ting nudc mat thuong béo hoa
oxygen.

O mot s6 loai ca, co quan hd hip phu duoc sir dung khi ndng d6 oxygen trong nudc
qua thip hay nong do CO; qua cao nén cd nguoi cho rang hién twong ‘thd’ bang co quan
ho hap phu & ¢4 la “hd hap cudng bic”; nhung & mot s6 loai ca cho thiy co quan ho hip
phu déng mot vai trd quan trong nhu co quan hd hap chinh [a mang.

4.1  H6 hap bang rugt

Khi trong nudc thiéu dudng khi hay CO; ting cao, mot sb loai ¢ thugc ho ca chach
nhu: Cobitis fossilis, C. taenia, ... thuong ngoi 1én mat nude dop khong khi. Khong khi
dugc trao doi ¢ doan rudt sau, phan khi thira thoat ra ngoai qua hau mon.

4.2 Ho hip bang da

N6i chung nhiing loai c& khdng vay hay tuong doi it vay déu thuc hign cach ho hap
nay nhu ca chinh (Angunlldae) ca lon (Blenniidae), ca bdng trang (Goblldae) c& nheo
(Siluridae). Céc loai ca nay c6 cau tao da rat dac biét, dudi I6p da ngoai dugc tao nén bang
té bao thuong bi dang vay mot 16p ¢6 rat nhiéu vi ti huyét quan ma su trao doi khi giira
khong khi va méau c6 thé tién hanh d&
dang.

quuanmél(")
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4.3  Co quan trén mang

Co quan ho hap trén mang cua
cé4 rat da dang, c6 thé 1a nhiing té bao
thuong bi hoic tli thira cia hau nhu &
c4 l6c (Channa spp.), ¢6 thé 1a nhitng
té bao thuong bi hoic tli thira cua
xoang mang nhu co quan mé 1§ cua
c4 rd ddng (Anabas spp.) hay hoa khé
cua ca tré (Clarias spp.).

Ca hai co quan hd hap chinh
la mang va hé hap phu trén mang déu

SLDVTS Phi&n mang—

H.10 Co quan trén mang cia ca ro déng (hinh t}én)
va cé tré (hinh dudi)
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hd trg cho nhau néu ngan can mot trong 2 phu(mg thirc nay déu 1am cho ca chét; nhu ¢4 ro
bit ra khoi nudc 6-8 gid thi ca chét hoic cad mui sdng trong nuéc day du oxygen nhung
khong tha khi troi ciing chét.

4.4  Ho hip bang phéi

“Phdi” cuia cc loai ¢ phoi (Dipnoi) 1a do bong boi blen @i thanh. Vach cua chiing
khong phai cau tao bang nhung phé quan ma c6 nhiéu nép gap doc, ¢ gitra nhirng nep gap
nay c6 ranh, trén mat ranh cé tién mao (flagellum) va bén dudi ¢6 rat nhiéu vi ti huyét quan
phan b.

Khi trong nuéc day du oxygen ching tién hanh hd hip bang mang. Khi ham luong
oxygen giam xudng hay khi nudc khd can chdng tién hanh hd hap bang phoi. Ca phoi
Chau Uc (Ceratodus spp.) cir cach 40-50 phut ndi 1én hd hip khdng khi mot lan, c& phoi
Chau My (Lepidosiren spp.) va ca phdi Chau Phi (Protopterus spp.) thi chui xudng ban,
tiét ra chat nhay bao boc lay co thé, chuyén qua trang thai tiém sinh, Iic bay gio hoan toan
hd hap bang phoi.

5. Bong Boi (swim bladder)
5.1  CAu tao va hinh thai

Bong boi
ca xuong la mat
co quan rong
nim gitra 6ng
tiéu hoa va than
chira day mot

Tuyé&n khi Mang Iuéi Than
ky di

h6n hqp CO,, Mang tinh Mang dong
O,vaN,matilé mach mach
thuéyng tim thﬁy Tinh mach

khac xa ti I¢ co — Phitc hop

trong kh6ng khi. —— tiet khi DPong mach Thé oval Béng
Bong boi co thé chii trude ki

hoat dong nhu

mot co quan )

thuy tinh hay c6 Ong cuvie
vai trd hd hip,
nd c6 thé hoat
dong nhu mot
co quan nhan
cam hay phuc
vu cho viéc tao ra am thanh.

Tinh mach gan”

Tinh hach ) i
ctta than Dong mach rudt

Tinh mach mang
treo ndi tang

H.11 Vi tri tuyén khi va sy cung cip mau ¢ bong boi cua ca

Ong ndi gitta bong boi va dng tiéu héa (thuc quan) c6 thé bi thoai hoa hay duoc
duy tri khi ca truong thanh. O ca xuong c¢6 bong bong hg (physostomous) ong no| van duy
trl va bong boi mé vao bng tiéu hoa. Trong ca xwong co bong bong kin, phan gan tdm cua
6ng ndi thoai hoa va bong boi bi dong kin.
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52  Chirc ning
5.2.1 Chirc nang thiy tinh

Mot trong nhitng chirc ning chinh ctia bong boi 1a co quan thuy tinh. Bang cach
tang hay giam khéi lugng trén mdi don vi thé tich, nd sé tao ra ti trong cua ca cao hon hay
kém hon méi trudng cua né. Theo tinh toan, néu bong boi 1a co quan thuy tinh (gilp c& noi
trong nudc) thi & ca nudc ngot nd phai chiém khoang 8% va ¢ cé bién 1a khoang 5% thé
tich cua ca (Evans, 1997). Nhitng khao sét thuc té ¢4 ching minh gia thiét caa Evans
(1997).

5.2.2 Chikc nang hd hdp ciia béng boi
a. Bong boi nhu mot phcfi

O mot vai bong boi ho, bong boi co thé ¢6 chtrc ning nhu mot :‘phéi", nhiing cé
nhu vay thuong song noi dam lay va thuy vyc thuong xuyén c6 &p suat CO, cao va O,
thap.

b. Bong boi nhuw mgt kho du triz oxygen

Ca c6 bong boi kin hodc hé nhung khong 6 chire nang nhu phodi, ¢é thé tich ty O,
trong bong boi nhu mét sy dy trir khan cap trong thoi gian ngan.

5.2.3 Chirc nang nhgn cam ap luc ciia bong boi

Su nén va xa khi ciia bong boi xay ra khi ¢4 duoc xur Iy doi véi nhirng thay doi &p
luc; nhu vdy bong boi s€ hoat dong nhu khi ap ké, 4p ké va may nghe trong nudc
(hydrophone).

5.2.4 Chirc nang phdt ra dm thanh ciia bong boi

O mot s6 loai ca c6 kha ning tao ra tiéng dong. Tuy nhién sé loai nay rat it. Mot
phan I6n cac tiéng dong phat ra ¢ ca gan lién vai hoat dong cia bong boi. Tiéng dong co
thé san sinh ra nho sy luan chuyén hang loat cac bong khi tir trong bong boi hoic 1a viéc co
rit caa cac co duoc phan bé trong cau tric caa bong boi hay 1a nhiing 16p co cta co thé.
Tiéng dong dugc san sinh ra & c& mang mot y nghia sinh hoc khéc nhau. Mét trong nhiing
dau hiéu quan trong nhat cua tiéng dong 1a dap ng nhitng hanh vi chin mai sinh duc trong
hoat dong sinh san cua ca.
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