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I. vVEAK ALI\ALIS (SOD l"CM BICARBONATE AND SoiJI"C)! CARBONATE). 

KoJJER'I' (1 90G) states that sodium hicarbonate raises the alkalinity 
of the tissue flu ido; and Pllhances thP oxi(latio u proce,;~p:; in the body. 
Ingestion of excessive quantitie:; of sodium bicarbonate causes 
dilatation of t he stoma!'h, anorexia and anaemia. 

Friihner (Ull9) repo1ts th at a 1:0\1· which had received 800-900 glll. 
of I;(Hlium cmLonate aborted, gnJan ed and bello1Ye<l , a nd had to be 
slauo·hi ered, and t hat 10-16 gm . of potassium earbonale is fatal for 
t he dog (heart failure and coll ap~e) . D ogs frd daily with 16 gm. 
of sodium bicarbonate for weeks ,; ll o\\·ed l·om i tiug, diarrhoea and 
loss in co tl(litio ll (Fri)hner, HlHl ). Ile also :;bites lhat t " ·o horses 
which ate sodium carbonRte from hags tooJ, ill " ·it l1 seYere colic, 
p.rofuse dianhoea, 1·ontinn ous coma , Htomatitis ;uul H\\'elliug of the 
lips. 

R eid (1921) Jeseri bes sodium carbonate poisoning in sheep !lue 
to the drinking ot efflu ent~ hom 1la;ry fadoriPs . T he ,;ymptoms 1\'ere 
staggering gait and hunied respirations. The animals soon lay cl own 
and !lied. Th e fo llowing \Ye re t he post uwrtem appran1nceR: 
If ypentemia of the su bcutaneous ti:-:sueR, imperfect dotting of the 
blood, hyperaemia of the ,;m all intest ines \Yith subserous 
h aemorrhages, slight congestion of t he liver, in very acute cases t h e 
abomasu m \Tas fi lled \l·ith 1lark, 1Jlooc1-staine(1, fluid con tents, in tense 
hyperaemia of abomasa l mucosa " ·ith haemorrhages . 

H eller and Lar"·ood (1930) conducted experiments upon rats 
and other small animals with single sal ts and also mixtures of 
calcium ch lorid e, calcium sulphate, sodium bicarbonate, and 
magnesium sulphate. Drinking \Yater conta ining 20,000 parts of 
sodium carbonate per million parts (i .e. a 2 per f'en t . aqueous 
solution) was found to be decidedly deleterious ancl. r eprocl.uction was 
interfered with at quile lo11· levels. Sodium bicarbonate provetl to 
he less injurious . In subsequ ent experim ents upon rats Heller (1932 
and 1933) established t hat drinking water containing 1 per cent. 
(10,000 p.p .m .) of sodium carbonate r esu lted in unsatisfactory growth 
of t he offspring, while a 1· 9 per cent. solution caused a rough 
eoat, r eel. eyes, and diarrhoea in mature r ats and a very high 
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mortuli ty in l lu~ ir .\·oung. A ] :) pe1· ce nt . so lution of o;otl imn 
biearl;o uall' eausrd um1Prsized <lci ulb and i mpt·1led g- rowilt in l hei r 
offspring- , 11·hi le the re 11 er e un ~atisfactory gr01d h <1 111l appearant·e 
11·it lt 2 per r<'nt . ~oltLtion s . };;qwrim r nting 11·ith ()-:-, und 1· 0 pt·l· 
cent. nqtteous :;o \utio ns ,.f (";tustic so rl.t ( ~<tOll) he found pradil"all y 
normal gr01dh ''"i.th th1• fonn e r solution , t lw Lltter <·Qu :;i ng n !t anl r 1l 
g'l"Oid!J, · ' d irt y <lllill1<1 \s ··. 11E1 r kt>d II PIYOllcllf'S~, SO I"I:' P.\"l'S nud 
diarrhot•a . 

Lin t on ;1 nd \ \' ihmn (J!):)i\ ) refe1· to ~odi11m hi c;1rlwn<tl1· l>llisoil in g­
i n pig~ dtH' to \ hP fPP di11 g 11 f ·· Flonr :< \\·ep pin g:-; , . conbining T\·1 1wr 
cent. of ihis a lkali. 'l'h e s.nn ptom s ;see n "en• ex cessive t hirst, 
aninJ;JI ~ a ppt•:lred to II(' in [l<lin , "t ()ud 11·itl1 thl•ir 11 r ;1ds 1111\"l 'r<•d <llld 
obliYi o t ~ ."' t11 tlte i 1· 'liiTI JILII!ii llg'."' a nd .-;t.q.~· g·t· I ·Pd 011 t l1 1·i 1· f nn1t legs . 
On ly Ol ll' pi.g 1lil'd nHe r l"ll<' s 11 eepin gs \\ C'l·e ren1oYI'd ::1 nd Juilk g iven. 
A11Lopsy re l"l·alPd inA;IIlllll<J tio n of t he sto nw1·h. T, inton fHdher­
mon· dr sni l,es a]\;; tl j poisoning i.n p ig·,; tlt~011gh a("("iclenb I 
disch ;trg·ing into thri1· 111i lk of Llw al h di u~t!d for de<1 11 ~in g t he milk 
ll ( (' II "i 1.-; . 

S()llle h.JIII:' ago t he author n •t·ei n ·ll for <l ll U I \ · ~ i ~ <I l!Pdain 
proprid;n ·y SI"Olll"Jilg po1Ydf'r " , 11·h il"b ''." " hei;1g sold <I S a 
clean si ng ag-P nt for k/t;chen 11/enslls . P igs hnd tl i1·tl <l fter thei r 
tro ugh,-; ha rl heen SC"onrerl 11·i!h it. Fmn g"L"ams of t iJ is s trong·ly 
alkalin e p 011·dpr cauc;e rl 1le<1 th in ral>l >iis ,,·.i.thin n f PII ho u rs. Th is 
is one. of t h e m a ny r;~ c;es i n wl1ich a Yindent poi-;ml i s labelled 
ILOII-]JO 1 ~011 OU S . 

Wi tte r ( 103G) <lddetl .sodi um bic~n·l10 nnLe to t h e tlrinkin g· 11·a tt•r 
of l" hids an d fo untl thn t : "(1) Sodium bicarbo nRll' give n i n the 
drinkin g ,,·nter in t he u ~ ual clo~nge (} lb . to iJ gallons or() ·() per cen t. 
solution) !";lllsPd (" hi1·ks to drink more ,,·:1ter thnn norlllnl a nd protlll(·e 
mo i-;t drop p i nt.r~ . ( ' h it·k-; ! 1\"fl ll"l·('ks old r]p,·eloped p;ile <lnrl s11·oll<·n 
kicl1J eys frolll th i ~ dt h agP, h ut t·hil"ks tln<'e 11·eeks olrl nn1l old Pr \H're 
not uotl!"eabl\· injured. (:2) A rloul ,le clos<' (J ·'2 per ("e n t. ~oh1 tio n ) 
of so1la cansc·rl dticks to chink mo re ll"::l tPr t han tl10se fP rl Lhe O·fi per 
cent. ~olu l i.o n antl produt·<'d 11·a !Pr.1· dro pp ings . (' hic·ks (l,·o to (' ig·h t 
wee ks old wcrp ~Prious \ _,- inj m·r1l J,_,- thi s dosa gP 11·ithin oJi l' t11 t h.r1'P 
days nncl denths ocr:tllTl!rl 11·it.hin Lh is ti u1e . ( ~l ) T 11·o ;me\ fo ur-tent hs 
per cr nt . solution of soda re<lucr>d w::1trr con S11lllp tio n lw lo11· normal 
for Phil"ks 11nder fo ur \n•eks of ao e. 'l'he i11 jurim1s effects of thi s 
closagP IV<·re noh•rl wdhi11 ::1 da v ; nd rl ea t·h s ~ccn rrrtl \\·ithin t hree 
clays. (-1- ) -:'lf ::1 tnrr (·ot·keri'L ":e re in j ured 11·ith a 2·4 p t)J" l" ent. 
solution of ~o1b , h u t were uot nfre l"tecl by :1 1 ·2 pr> r cf! n t. soht!i on. 
H 1\"ilS apparPnt t hroug hout l ite vroject tll ;d !h e .)"01111 gE' l" t !Jr (•\ticks 
the mon· su s<· r ptibl e t hey ''"ere to socla i njuTy . (5) Kidn ('_vs from 
chil" ks aft'ectrd by feed ing- soda becam e pale, s11·o\ len nncl f! ugor g ed 
witlt urntPs . T h e kidn t·y tubules sh o,,·ed cleg-enernh\·e mlll exuda tive 
ch:lllg<· ~ indi1·at i ng severe injury . (G) Chick,.; ::1 Ffected by feeding 
so1la s hm1·erl an increase in kidney weight, illld ::111 increase of 
a.pproxi m :1 tely four times in u ric ar-iel per g-ram of kitlne_v Rnrl in 
ur i<: acirl in Hw blood " . H e fo unrl t he in j u ry ca11 Red by f eeding 
sollium hil"::1 rho11 ;1tr to chi ck,; si mib r to th r pa th ology a nd bloocl 
ch etil.is.Lry cliallp;e.s. pr<'sent in Yiscera l glmL 'L\vo ,,·t·eb old l" lticks 
con .~umerl h om -1-!J to 11 :) c . c. of " nonn al ,,·al<'r ·· daily . 

:14R 



D. G. S TEYK. 

Carbonates bicarbonates and caustic soda tend to cause 
alkalinity of t l{e gastrointestinal juices and of the blood and tissue 
fiuids (change in pH), consequently the contmuecl dnnbng of 
alkalin e waters and the consLant taking of alkaline \Yaters and the 
constant taking of alkaline powders '"ill lead to seriou ,; digestive 
and other dishnbances . Carbonates are more harmful than 
bicarbonates . 

Cope (193G) dra"·s attention to the fact that the constant use 
of alkaline stomach powders by infliYi<hwls sutl:ering from chroni ~.; 
gastric hyperacidity may have serious consequence,;. These j)() IHlers 
generally contain calcium carbonate, magn esium carbonate, 
bismuth oxycnrlJOnate, ancl sodium bicarbonate . H e states that the 
fo llo11·iug :s.ntqJtoms nwy ar i:se in the course of tinw when alkaline 
powders a re taken over long periods : Loss of appetite; slight 
nnn i tiug ; irri ta bili ty ; t houg-h tlessncss ; uurea::;oua Lleu et>s ; dcp ression ; 
vague h ea (laches and muscle pains; r eel and inflamed conjunctiva 
(sore e~·es) ; " Yision may be slightly blurred , but is as a mle not 
interfere(] IYith "; in some cases the patient himself complains 
abo11t increasin g impairment of mental efl:itienc.r; t he skeletal 
muse les are sometimes abnormally excitable to direct percus~;ion; 
polyuria is usunl, but sometimes tlle ur.ine volume is reduced below 
normnl ; the urine is mostly alkaline and ahYays contains albumin ; 
finally there may be roma. "'l'he rapidity with which these 
successive stages are passe<l through Yaries <:onsiclera bly "-from 
a few cla:vs to weeks. Cope states that "very characteristic of all 
conditions of thi~ type in \Yhi ch the bod:;r contains exress alkali is 
the extremelv low concen tration of ch loride in the urin e. 'L'his 
may Le Yery ·simply clemonstrated Ly the adflition of ni t-ric a<·id flll(l 
a small quantity of siher uitrate solution." Ar(;ording to Co]Je th e 
followin g- points are of importance in the diagnosis of alkali 
poisoning: (1) The symptoms. (2) The presence of albumen in 
the urine. (3) Lo11· concentration of chloride in tl1e urine. (4) " An 
alkaline reaction of the urine with effen escence on the addit ion of 
acid is of no diagnm;tie value as it i s frequently founfl in Jlersons 
taking- r onsiderable quant ities of a lkali in the complete absence 
of all toxic symptoms." (5) Blood analysis : (a) " E stimation of 
plasma carbonate or alkali reserve is the most certain of intel· 
pretation "-a rise aboYe 80 Yolumes per ren t. is pr actieally 
diag-nostic of alkali poisoning. (b) " It woulcl seem to be a safe 
general rule, however, to regard all suspected cases showing a rise 
in blood urea of about 80 mg. per cent. as cases of alkali poisoning, 
unless an independent f'ause for th e high value can be definitel:v 
founfl. " As treatment h e recommends: (1) Hemoval of the alkaline 
powders. Alkali sensitive indivicluals should take <li-sodium 
phosphate or perhaps hydrated magnesium silicate. (2) Admini­
stration of sodium chloride per r ectum facilitntes the excretion of 
bicarbonate. (3) Ammonium chlorifle can be g·iven as an acidifying 
agent, hnt i t must be used with care as in all cases of alkali 
poisoning the kidneys are severely cla mn_u:ed ancl acidosis may result. 
It is essential that the urine be examined at frequent intervals. 

In experiments upon themsehes Joos an d M:ecke (1934) found 
that after the administration of sodium lJicarbonate there is (1) a 
marked increase in the sodium conten t of th e blood serum, (2) a 

349 



ALl(ALt l'OISOSING. 

slow fall iu the maglH-'siu m eouten t, (3) a pronouJtced a tul ~U<lden 
fall in the calcium conh-·ut, (-1-) a quick fall in the t:hlmi,le ,;ou tent, 
awl (5) a sl011· fall in thE' ph usplwnt,; eon tcut of t he bloud se rum. 

Little (1937) <lei>c· ribe~ a ,;it,lple method of estimating the alkaline 
coli,;tituent,; of ,,·ashing po1ulen; aml 11·as lting solutions ('Oni.ainiug 
mixe•l alkalies. 

1'he taking of too much alkaline stomach powders has resulted 
lll a serious state of alkalosi:; (D aYies, 1939). 

II. CAuSTic ALKALIS (Cxr:s n c SoDA AND CAusTIC' Po·L~SH). 

A .. Onder., tepoml J~'a;periments . 

Some time ago a specimen consis ting of a fairly clark-bro11·n, 
semi-coagulated, jelly-like fiuicl w~•s ;; ulJmitted by the GoYernment 
V eteriua l'Y Ofl:icer, theyto\YH, ~ ;t tal, to Oncle1 stepoort fo r analy;;is . 
It was stated that it 11·as a specim en of milk 'd1ich had turned 
this colour \Yhen rlncecl on the stOY C to boil. The specimen \\·as 
submitted in au air-tight huit jar awl \Yas aLout eig ht <lays old 
when examin ed. It emitte<l a 1·ery pronouueed alkaline ollour , \ra ;:; 
slimy and j ellylike, arHl yidrled a marked alkaline reaction with 
litmus paper. IL \Yas impossible to ascert:tin the rleg1ee of alk alinity 
by Jneans of t itration as the filtrate was clarl;-bro\Yll in colour and 
could not he •lecolor isecl '"ith charcoal. lt was t h en deri•lerl to 
dete1·miue the sodium conte nt of the specimen . 'l'lti:s 11·a:s fourul to 
be far in excess of t he :<odium content of normal milk. 

1'he following- rnhLit:s 11·ere drench ed by mean:s of a ;; t·omach 
t nhe "·ith the al-low spec·imen: -

7-<ohbit J (2·0 /\.[f .) : 100 c .c. on T j 1 j0S . 

\Vithin fiye minutes after rlreJl(;hiug pro nonn L·e.l lul:ourecl 
breathiug fiet in, the <lltimal brentlting throu!.dl its mou t h. Ueneral 
weaknes.~ (paresis) foll mYecl soon and the animal was 1tnaHe to sit 
up or hold its hend up. .Jiuscular t"·itehiugs "·ere fiee n OJt 1lifterent 
parts of the bod _,-. 'l'he h e<nt-adion wa s Y E' l :V lllUI'h nr-r·elerated 
.anrl weak in t.he l:egiJming· nnrl became progressiYely " ·eaker 1mtil 
it was imperr-eptible a short while before death. The mtimal die.l 
"·ith in ten minutes nfter the deYPlopme11t of symptom s. A fe 1Y 
minutes before death occuiTPrl the animal bec~ame comnletelv 
paralysed, IYas r-omato~e and lay prostrate with th e head drawi'l. 
bac-kwards. It died with terrific r-onvulsiom; (jumping about in the 
r:nge) of the " ·holP bocly. Th ese W P J(' prohabl~- clue to nsphyxia. 

Post 71W1'te111 appeoro71Ces: General cyanosis; prouonneed 
hyperaemia of th e lnngs, liYer ancl kidneys ; pro1t01m~;ed di.latation 
Of bOth heart Yell tricles; prOllOll 11 C'e(] h_vperaem ia a 11 cl slimines,; of 
the gastric mucosa; contents of small intestine Yery slimy. 

R;abbit lJ (2· 0 Kg.): 50 c .c. on 7 j 1 j 3S. 

Symptoms VE'rv similar to those descrihed a 1'0\·e :'lE't in within 
ten minutes after drenching. rrhe only ,Jifferen r-e 111 the 
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symptomatology 11·as lhat t h ere ,,·ere 110 must·ub r t11·it chin gs anrl 
that the animal died quidl_,, in a state oi paralysi s ~uul coma. D eath 
ocCUlTed apJJro.xima!ch ( IYPn !y minutps after d rer1cl rin g. 

Post mortem UJJfJ I'DIIliiCes : Yer y sillliLn io i·lJO::>e described in 
ndJh it A ~~-il ll haemo1rhagcs irr ihe ga.-;tric mucosa . 

The follo"·ing !hrrp experiments (spec·ime ns 1, ' J and 3) " ·ere 
then co]l(l uci t'd : -

Sz;ecimen (l) : 

Four g r;Jtns of gT;Jllltl:tr c·a u" ti<; "otb Wl'l'l' acldt'Ll to :200 c .c . of 
fres h co11·'s mil k. A light yPilo,,· colou r· appearecl a lmost 
t llliHediately. [ t soon became~ nwre ini cn se lv YPllo11· anti then 
c[e,celoped a lnoiYni::;h colour :IS the te Jll pe ratu"n· ' of t h e m ilk was 
rai::;erl by m eans of a g;Js-flame. A s t he tempe1ai u1e of the mil]; 
rose it lJP(' <IJJW clark yellmY-bnmn and IYhen i t 11·;Jc; boi ling i t t ume<l 
a llark recl<lis h-hrO\Yll colour. Hei\Yecn 50° and 70° tlw milk jelli fiecl 
anrl bern me f-luid ngam b efo re it hoil ed. It emitted a p1·ououncecl 
alka li11 P orlou r. 

SzJeciTnen (2) : 

'1\Yen t y grmn s of granular c;mstic ::;ocla. were arl cl eel to 200 c. ~. 
of fresh co11 's milk anrl boiled f nr i \\'0 minute~ . The milk shcm e<l 
(-Ill~ sam e c ha np;PS as t h ose d eS(']'i brcJ Ulltl Pr (1_ ) ; (he c·hang·e:; i11 l'OlOUl' 
(·ook plare more rapidl~- an d th e colo urs \\·er e m o re in tenst• . 'l'IH" 
c;ooh·d :sp ecimc'u 11·a,; ilte n placed in ;Jn air-iig ht frui t ja r ;md 11·as 
drew· h <'cl t o two Tahl,ii s ~e Y en wPe ks ln!·er . 

RufJfut A (l 9 !{.r;. ) : 50 1·.c . on 14 / 9 /38. 

'L'he n ninwl deYPlope<l dyspnoea anrl apathy "·ithin a fe,v 
minuies after drenching-. After havi no' shown loss of appe tite for 
a cla y it appeared non~a l again. " 

Rab/1it B (1·95 ]{g .) : 100 c.c . on 14 / 9 / 38. 

Symptoms more prououncecl than those desniherl 111 llabbit A 
set in within five m inutes after drench ing. The ;mimal appPa r eil 
normal after twenty-four hom'R. 

Specimen (=)): 

Forty gram s of caustic socla were added i·o 200 c .c . of fresh 
cow's mil k and boiled for h"·o minu tes. The result ~ of i.lw ~ulditi01 1 
of c;Justic· socla ancl boiling· wer e sirnilar but more p ronmmc:ecl 
tha n those cl escrihed und er C2). 'l'he appearance, colour an<l o<lour 
of thi s specimen of milk \Yere ide ntical wi th th ose of t h e specirden 
submitted b.' the G oYernment V eterinary Officer, Gre_vto'>~JI . Two 
rabbits wer e rlrenrhed with sp eeim en (3) after i! h:~tl lwen hpt for 
seven \Yeeks in an air-tight fruit j:~r . 
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Rabbit C (1· 25 Kg. ): 50 c .c. on 14/ 9 / 38. 

The ouly symptoms t he animal showed were transitory laboure<l 
respiration and loss of appetite. 

J(ab ln t JJ (1· G5 Eg.): 100 c .c . on 14 9 ;::s. 
Laboured 1·espi1·atiou set 111 \Yithiu n fe,Y minut es after 

drenching. There were violent intestin al m ovements within thirt.1· 
minutes . After having sh0\n1 p1 on<nmced apathy, loss of appetite, 
accelerated heart-action and after h aving passed darl' brO\Yll u r ine 
for two days t he animal appeared normal ag ain. 

The slight toxicity of s peeillle u<i ('2) and (3) \Yas th ouu:h t to lll' 
du e to the fact that they had stood too long (seven weeks) before 
being drenched. A furthe r t hree speeimens (4, 5 mtd G) of uulk 
were t hen treate<l \l·ith caustic soda, boiled for two m inutes and 
~eft standing for eight days in ai r-tigh t fruit j ars. 'J'he challg <· ~ 
m the milk were the sam e as t hose JtO ted before. On cooling th e 
specimens j elli£ecl. 

:iJiecilll en (4) : 

Twenty grams of granular eaustic soda were added to 200 c .c. 
of fresh cow 's milk. After stntHlillg for eight days t he specimen 
was dark brown in colour and ha rl a j ellylike appeanmce and \H IS 

slimy. It emitted a pronounced alkaline odour an d smelt 1·ery 
strongly of ammonia . It was drench ed to t wo rahhits : -

Rabbit E (0·9 [{r;. ) : 50 gm .. h~ a small quantity of water on 23 / 9 / 38. 

'l'he animal retched and Yomitecl ,,-it-hin a f e11· minutes after 
drenching, ancl died within a further t 1Yo minntes . 

P ost ?n01'tem apperlTflii Ccs: :Most pronounced h yperaemia of 
gastric mucosa wiih partial di ssolution (slimy appearanl'e of th e 
mucosa ; similar ehanges in the small intestine; p ronounced 
congestion of th e liver; a fair qua nt i ty of Yomitus in the lungs . 

Ra/J!Jit F (1 · 7 Eg.): 100 c .c . u·ith a smal1 qua ntity of 1cater on 
23 / 9 / 38. 

Symptoms ident ical with t hose described in lbbbit A, which 
was drench ed with t h e speci men su bmitted Ly the Government 
Veterinary Officer, Gre.1·town, developer] '"it h in three minu tes after 
dre.nching. After a further ten minutes the animal r etched, vomited 
and died soon afterwards. 

Post mo1·t em apzJearances: Gastric \Y nll clark redd ish-brown in 
colour and almost compl etely dissolnd (Yery sl im~·); mucosa of sm all 
intestine dark r eddish-brown and slimy (part ial dissolut ion) ; 
pronounced hyperaemia of t he liver; no Yomitns in lun gs. 
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l •'orLy g ru 1 11 ~ or ca u,;Lic ·oda " ·er e urhled to 200 e.c. of fresh cow's 
mill;. Afi l'r l' ighl tbys appear: tJH '<' and odour of i lli .~ ~peun1e11 1n• re 
tlte 1iaiil f:' :rs t hose of specim en (-±) . 'l'h e co lom· 11·as clark ydloll·is lt ­
h ro\\' n . T lw folloll' i ng rabbits ITe re drc ncl1erl "·i.tl1 it: -

Habuit G (1·2;) l(y. ) : ,j(J c .c . ICLfh a snwll quantity of 1ca t er on 
23/9 / 38. 

The symptom s resembl ed those cl escrihecl in Hnbhi t 1•'. The 
<lll illlal Y01nited and clied 11·i.thin leu rninu ics after du,.;age . 

Post III OI' t e lll oppem·1111Ces : .A s Il l H.ahbit F 
' 

OJ II y more 
pro1w nnc·t>cl. X o YOrni.tns in ltliJg·,; . 

Uo iJ !Jit II . (1· (i:) ll.fJ . ): 1()() ,._,._ lei/It 11 s111111l lf ll!ll!lity of tco l cr on 
'2:J j 9 I :JK. 

~.1-ll l fllO ill li a,; cl c•snihccl in U:1hhit F appt>: rrecl ,,-illti n a f, .,,. 
mi.nul t•s arHl tk:d lt occ ur red 11·i th in tt> n rnin uLt•c; :d'h•r d renchin g . 
l )ost mortem tlf!J!Nt1'tii/Ces: As in ILthbit G. Th e g:r,.;tric · 11·all 11·;ts 
alrnost co mp.IPil'h di.Hc;oh ed and ,; \t o,,·ecl :1 nrpiurE'. 
S;1ecimen G: 

Sixly gra ms of c:ntstiG soda \\·l're acldPcl to :200 e .G. of fre,;h 
co11.·, mi lk. AflE'r eig lt t tlay,; the t·olour , appeara rH.:e a nd odour 
(alLtliue a nd ammonia) \Ycre irlt·ntic·al wiilt !ho:-;E' desl'1'ibt·cl tllldP r 
s pet·i nrE' tl C1) . 

Th i,; SJH'I'i ll ren IYas nu t dos;•,] lo r abbits as speGint cn s (-:1-) aud (;"i) 
lwcl .'·ielrleci ptH;i!iYe res ul h. 

I n t·on c;i tle ring t h E' lox i t·ity of rn il k (o ,,·hich c:rust ic alk:r]i.;; IYe re 
acl rled it slwul tl be 1·ea lised ilwi the re arf' l11·o cl ifl'eren t kind s of 
potso n,; 'Hl'.-iE' nl , namely, th e caustic alkali a nd clf'C'omposition 
prml ucb r·;rust'<l hy the :tt·tion of t he nlbdi un so nH" of t he 
eonR!iiuPnis of t he mil k, PSpPf'ially tlw prolei.n. ']'hat t hP al ka li 
ca usPs JHOno un .. ed clPstrudion of l lw protein in ihe milk i:; eYi.dcn l 
from thr· p ungt· n( amnto rtia orlour 11·hi• ·h is P11lill f' d afler a fp ,,· rla:-.·s . 
Toxi. .. anti rl!·s ;t re prohahl:-.· al so for 11 !l'd. Ji :~ppea r,.; t h ai l h t> toxi.cily 
of ca uc;t ic alk al i m il k tlPt·rE'a,;e,.; in ilw r·our"'' of h 11 rE' . 'J'h E' amnr o11 i:t 
odour 11·hif'h 11·as no t pungr•11t aflpr eigh t tby s ciE'I'1'E' :t SE'rl ;rnd 
CYeJI( II U 11.1· tl is:.t ppe:t l f'(l. 

On a 11 t•ar l ie r occa;-; ion 1-hree group,; of fou r rahhi l" c:~ch IY!'re 
tht•nc hed 11·i t h l· (l (( ]ro up 1), 2 ·0 (<Jroup U ) a nr1 !J (thoup f JT ) 
pflr r·en l. :tqtH•uu.s sol ut ion,; of caus(it· sorln n•:-qwdi1·E'l :1· . 'l' hP l11·o 
rabbits ((:Jr,IUJI I ) wlrieh rp c· f'iYecl 40 c· .c. of a 1· 0 [WI' er·n t. sol ut ion 
rle1·E' IopE'rl no ,;_nnptorns he,I-O JH1 (raJbif'nt loss of appet ite . 'l'huse 
bn1 :tn inral s of (}roup I ,,·h ic·h ,,.E'l'P clrenclwrl 11·il lt ::\1 1 c·.t· . ,]i l'cl 
11·i.thi n forty hou r s . _[ ll Group II t11·o r abbi ts reeeiYed 40 f' .C. a n r1 
t ht> n •mainin g h1·o 80 e.c. of a 2·0 p<·r f' Pn t. .~olu tion of raustie sorla . 
T he:-.· tli etl fr-0 111 11·ith i11 h...-en(·.'- io thirt.'- h ours after rh en('hiug . T ht> 
h1·o raLh its in Group I II which r rcf' ivetl -!0 c.c. o£ ;r 5· 0 per ren t. 
. .;nlnt ion nf c·a uHtif' sorh clE'1·r·lnperl symiJinms wi t b i!l a fpw minute . .; . 
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ALKALI POISONING. 

One of these rabbits vomited and died " ·ithin one-<tml-a-half hours 
after dreuehing, whilst the other oue lived for approximately thirty 
hours. The remaining two rabbits of Group lll IYhieh reeei ,ed 
80 c.c. of a 5·0 per eent. cau~tic soda wlutio n <lied 11ithin three 
hours. 

'l'he symptoms and post mortem a Plle<tra n ees dosely resembled 
those described below under ll (B). 1•: ·t• n 1Yitl1 SO t·.c. of a l ·U pt: r 
cent. solution of caustic sotla !here 11 as lJronounce<l dissolutiou 
(corrosion) of t h e g-as!ri t: muco~a antl 1ndl. l n onp of lhe~ c casrs 
the g·astric wa ll IY:1S almost p t>rforaletl iu hm places. T he reJ, .aini ng 
portion of the inh' l'IWl sudnr·t> of th e stoma('h 11nlJ 11·as Yel",\. sli111 Y 
and intensely d;nk (rlirt:--·) rl:'rldis lt -lmmll (alkali lwemutiu). \V1th 
higher concenhaiious of canst!,· :-sorla th l:' l esions 11 e r t> much mon· 
pronoun ced. 

B. illode of Action, To./:tcil:y and Symptom:; of Caustic Alkalts . 

Caustic al l, ali,; tlis;-;olYe t he epithelium and form soluhl e alk a li 
albuminates " ·hen coming iuto t.:onlnct 1\'i th prol l:' ins (skin <Jlltl 
mu cous lllemb1 ) lt es) . The lll11l <lU :> m embruu e and ,; kin he!'o)l)eS 
oedematous, hansparcnl' , and ,;oapy. ::tllll lh e t'O IJ'Utle1l <~rea Lt>comes 
neerotic, soft antl :dim:--· . lf blood Y rs~e J s han~ t een eonocled h:y 
the alkali the affected surface mav hl eed and anali haemntiu i~ 
fo!'ln n l. In such ca:-;es t he colou'r of the affectetl m·ea HWI' be 
reddish-brown, blaek bron·n (rare) or often bright red (excessive 
ha em orrhage) . ln the course of time the colour l'hung-e,; to gTeyish­
\\·hi le- iu tli lu tt> solutions within 1-2 hours and in !·ouct> n ln ted 
solution,; after longer periods. 

Acute a lkali poisoning facilitates the delJosit.ion of t.:a l!' ium in 
the honP SY~tem, h em:e the bloorl and tissues arp r]pficient in this 
el ement (Rentz, 1933; Ren1·is, 1935) . 

H istolog ic ch anges in the paren chy nwtous org ans in cases of 
alkali poisoning haYe been describer1 by Jankovich, Inc%e a ncl 
Fazekas (Fazekas, 1937), but unfortun:~tely the publication iR not 
obtainable in South Afriea. Fa,ekns (1937) clnmcher1 different 
groups of rabbits \\·ith 1, 2, 3 , G an1l 10 per cent. solutions of caustie 
soda , the anintals receiYing 0 ·5, 0· 75, 1·25, 1·5, 2 ·25 and 2·5 gm. 
::'i'aOH after on e day star,ation. The follo,Ying changes ''"ere noted 
in Hw bloorl ch emistry o£ t he nnilllals : -(1) A disturb<m ce of t he 
g·hH:ose metabolism in the form of h yperglycaemin. (2) A pronoun cerl 
increase in the inorganic 11hosphorns coutent of the total blood. 
(3) A rl.ecrease in the serum calcium. (4) A morlernte rlenease in 
serum chlorine . (5) A slig-ht increase in se rum sodium . (6) D efinite 
aeitlosiR in the form of a decrease in fierum alkali reserYe. 

The degree of corrosion caused hy 1·nustic alkali depen<ls upo.11: 
( 1) Their concentration. (2) The quantity swallo\\'erl. (:'l) Leno·th 
of periocl of action. ( 4) Quanti t.v of foo.d present in thr-' ~hmt~cl1 
an:l intest ine . (5) 'rhe re~istan ce of the ti~sues concerne<l. Solutionc; 
of eaustic alkalis unrler 1·0 ner cent. <lo not as a rult> canse fata l 
eorrosion hut mostly onl:v inflammation of the mueous membranes . 
:More coneentrated solutions and especia lly solid pieces of alkali 
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f I'Cillll' I ttl .\ 
JJteJHIJr:tll l'S 
alhtli an· 
pn eu 111 oJJw 

Ctlll :-'~ ."l ' \ . t-'1'(' 

<tn d u I t h P 
j iJ I'll \1. II l l I 
Jtta.\· n·s ull. 

eOJTo~i.un and e1·e11 1Jl'rforati.u11 
~ tumal'h 11·a ll. I h\'JI soJut io 11 s 
t it \' b ee it 111 ay Le <L~piralPtl 

of llliii'UUc; 
ol ('a u;;ti.c 
a11tl fa ta I 

B<das;~, ( l!J:l.J. ) sbtes i hat :! ,U-t ('<t oP~ ol a lkali 
t n ·<th·tl in t lw BtHLqw:st lwspit.d f ront ] 1J:2-f-.UJ:l0. 
case::; ,,·ere ::;ui('itla l. li e giYPS a detailed tle~niption 
Ill ai I;;IJi JlOlSOlllll g'. 

JlUI..;Oillllg· \\'t' l'P 
:\los t ''I t !Jt'."<' 

of lit\' \ \·mplot tb 

'l'I1 P luiJo ,,·[ng sy lttj dont s <11·e , t•e n 111 1'<11'\t'S IYh<•re solnt ions of 
cau.-d it· alk;lli .~ of ](I lH'I ' t'P I<L ;tnd high <•r eo1 H·e nl r:1tion s « I'P 
S\l·<iJ ltJI\' t'<i : - 'i' Jtt' Jips <II'(' SII< J! Jt.n Il l ;t ]I II OSt a l J !::l SI'~ of ;d l; ;t]j 
Jlll i:<< JIIIItg. 'l'l1is is diftt·n·Jdial-<iiag nosl tt ·ai.ly of gn·:d ,·,due 111 
I'IJIII JJ: ll ' isll ll 11· it h <t• ·it! j:oi siJ tl i ltg. \ •· t·y ct' Y<'I<' p:1 111 i11 <t i l t l11• org·atl t> 
\. il l• ,, ., i,· h tit :• ,,. , Juti•'ll <'!1 11 1('..; ittlo <·o u l<t..t. !':Jilt i..; c·spt•t·t:tl h · 
ex peri <• ll <;\'tl in I he ,.;te r11 al regio n and i 11 th e haek du e to oesop hagilis 
,,,,,[ pt·r ttH'SPJlh<lg it i..; . Un the hr..;t tl :1 .\· t lw rt• :He stonla< ·h p<ttiJ" in 
llu· <'<t l'di:t<· and <'pig;~ stri •· tt·~· ifiii S . 'l'l11·re an· lt i f'I ' IIU ~ h s <11111 
\'O IIIlliiJD' 'l'ltP \ll lll i(u ..; lll<l\. ];p llliii 'Oj d . .-;] ipJH'l '.\' <liid I' \'.J.Ji..;it -lJro\1·11 
ot· ;t]ltl o~1· hLwk 11· itit :tlka li hn <' nl<ilin o r it tn :ty he h ri g lt l n ·d ll'lte n 
I'X('(' . ..;,il·c· h lt•ed ing· <II'CUI'S . 1\'ltP il II PI' l'Of it· Jll: ill'l i<l l i..; jlii'Sc•ld it has 
a. 1·ery ba d nrliJ lll'. There i..; d if licult.'· in s\l·:tllu11·ing IYii il'it 111<1\' he 
<lu<> 1o pain . S}t:t s ms, an ar·ut e, 1ran ..;[to r.l·, reflps p<tl ·a l.\·.~is, or 
pa r;tlys is d1J(' 1-o cli t·f'd :tlknli al'iion on th e sof't ll<daiP or or•s~>p h:tg· <·:t l 
lll.lJ . ..;r ·u[ ;i(l[ J'(', S\\·e! Ji ttg of tlH• (lt'~ophagP:ti lll '. II'Oil.'i llll' ilJI ]';Ill(' . 
mPI'i t:t ll t<·ai hirH;i; i ng· of t lw oesop lwg·u ~ h y ll t'l 'l'!d il' ntul ·o u ~ 
mt>mb ra nes . food , m <lu e io fih ro~i..; of the muscles of llt•g- i utition. 
Th e n·,; pir;ilion is :if ·c· r·h•r:d <:•cl :1 1111 in l1:trl <·:tHe•..; thr· pu isP is s im1· 
:nul ..;n ~:tll (~ hock) tn iht• l>PL! inu inl .. ('. !rut PYt' tltu:til.,· it hPt ' lll lll'~ 
a.r·1·Pl Pr:t ierl in nlllst ('a se~. l' rog nos li t·:t lly a f:~ st p ubc• is un f:tYnunthle 
as it inrlic:ii Ps 1·om plic·:tl io ns \\·hir·h :ti 'P rl esnil H• d lwlo\\·. Tl11• hlon<l 
pn•.-cs un· is in tll osl I' <lSI' S lo "·. ' i' hP n•HPxc,; :II'P gPJII'I ':tlly i JliTt•:tse<l. 
Th<· pupil..; :11'1' rlil:th·d in l>a<l casr·s. P :dien h <1 1'1' nwst l .,· quite 
consr· io w; :tn rl r·OJJYttl c; ion .-; orTUI' Yr· n · ra rei\'. 'l'hc• s kin ·is Jltostlv 
p:tlP hul in la ry ngP;t l l1 ·si lt 11 s it i . .; ('<·ano tir·. · ln th<· r·ottr . ..;e of i im.t-· 
t ltl ' f:lf'l ' 1 lii ' II S I'('(] \\']lf' ll fP\'C'I' :ljllW:II' . ..; ; I S :1 l'f'Sli Ji oJ' l'flllljlli<·:tti on f\. 
It t Yf' r \· Sl' r ions <· :t sf's cll':dh nt·r·u r.< in :1 ft.,,. hour~ " ·ith :1 ~ uhn ont t:tl 
tP nqw r;dun•. ])i a.rrh oe;J ;tnd blooch · faP<·f's :tre J'<tre anrl onl .1· or·1·urR 
" · h <' n th en• is ,;e ,-p,·c· r·ono~ ion ~>f t lw rluorl r• IJIIIII :1 111l .ir·.iuttUill. 'l'lt P 
urin e nr•erl nol·. n r• r· f'ss:nih lw <tll;;tlin P and is so tndintc's :t ('i <l in 
se ri ou.-- fabl c·:t ses . An rtlk ali n <' rl'adion of t hl' urint· oftr·n :-;ds 
111 :1 ft· ll· hours afl f' r Jloi so ni 11 g· lntt is lr:ms itot·\' . Th en• is proiPi n 
111 t·l1 e urin e· in se1·inus f':l :' <'S n11 rl oftpn :rlso ar·eton<· rlue 1o in :tni t ion 
or (o d eco tn poR ttio tl of protei n. 

rrhP tlirf'f'i r•[l lJ RPS of r] Pnth in :tl kali poisoni ng lllaY he shrwk , 
C'nlla psP. glott is rwrlr• tn a. pnPumoni:t. ex hau st io n. pr•rfora1ion , 
h:tPIIHll'l'h :-~g· l' , m etl t:t c' hnitis . p er i<·:urlitis anrl (or) pr·ritoni t is 11·i. tlwut 
pe rforation. Th e maxinn1111 n uml ·e t· of fatalitiPs Fa ll within 1he 
firs t t hree clays nnrl on t lw Pighlh to t on ih rl:t vs arro rrlin !.!· t o TI8l:isz 
(1!11-t) . Th e sh ortes t p t> ri ocl wilh in wl1i.('h r1eatb oc·<'lHI'Prl f ro m al l; nl i 
poiso.nin g· 11·ns hvo hours . 



ALI\:ALI POISOKI~G . 

The following complications may follow the S\\·allo\Ying of 
caustic alkalis: --(1) ~tenosis of the oesophagus, pylorus and swall 
intestine. (2) Leschke (1932) states that cancer of the stomach may 
develop in som e cases. (3) Inflammatory anrl purulent phlegmones 
of the oesophagus and the stomach \Yhich may pass o1·er ou to the 
aujoining organs resulting in pleuritis, pericarditis anrl periton itis. 
(4) ExtensiYe internal haemorrhage Jue to ~.:onosion of huge bloou 
vessels. Thi s is rare in comparison with extensiYe bleeding in cases 
of parenchymatous haemorrhage. (5) Abortion is rare. 
(6) Perforation of the oesophagus, ~toma.<"h \Yall and (m ) in testi nal 
wall resulting in phle~·mon es, perioesophagi tis, pneumonia, 
pericarditis, pleuritis and peritonitis. (7) Pronounced glottis oedema 
ue<:essi tatiug hacltt•o iomy. (S) Toxic t>i-tect-s on (he 'wa rl due tu 
<l bsorption of decomposition products from necrotic tissues . 
(9) Shock and collapse. (Frohner, 1919; Lander, 192G; Lewin, 1929; 
Y an Itallie and Bylsma, 1930; G laister, 1931 ; Leschke, 1932 ancl 
1934; Rentz, 1933; Fazekas, 1934 aud 19TI ; Balas7,, lWl-+ ; SdHdlU, 

1934; Smith and Cook, 1934; Renvis, 1935 .) 

The follo 11·ing table is compiled from information suppl ied in 
Halasz's (1934) publication and i s of great ,·alne in difterentinting 
between acid and alkali poisoning : -

Acids. 

1. Coagulate protein of t issues 
and ~artly prevent further 
corroswn. 

2. Crust is hard. 

3. Very li t tle or no oederna. 

4. Lips rarely swollen. 

Cmlshc Alkal,is . 

.l. Dissolve tissue protein and 
enh ances further eorrosion. 

2. L esion is soft, tran sparent 
and slimy (moist) . If 
corrosion is severe the an~a 
may be reddish-bro,~·n or 
bright-red. 

3. Pronounced, jellylike oedema. 

4. Lips almost always swollen . 

5. Infections are more frequent 
in a lkali poisoning as the 
lesions are more favourable 
for bacterial growth. Hence 
perioesophagitis ancl m edias­
tinitis with perforation are 
more frequent in alkali than 
in acid poisoning. 

The symptoms of alkali poisoning in animals are similar to those 
rlescrihed in human being·s. 

C. Post Mortem Appearances . 

rl'h ese depend unon the concentration and qu antity of alka!J 
swallowed and are evident from the description of the symptoms. 
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]). }Jetectwn of Cau stic :iorla . 

Headion o[ s pel"im eu i, stJuugl y alktlim·. l"olnil is t l1 e best 
siJeeimeu fo r <lnaly::;i::;, ;~ud abo slOJ nach ("UU[l'llL iu cases \Y hl'H' no 
ch cmic:al anlidok,; 11·e re adlllini st(' rcd . Tlw ,;pe1·illlell. lf tlmd, 
should he eo nce11LraLed hy cnqJOl<ilion and t h en exll'<tdell " ·itlt 
aL~ol u te alcolw l <lll d fi l l e 1 l'd. The fi lt rote is Lil<' n e ,·a pora led to 
rlryne:ss and t l·sted I' or t U1· a I ka I i ,;us jwded. 'l'h e diu lysis m eL hod 
co uld also be u;;(•(l. In prot ral·t e rl ca ,;es i.t i s rlifli c: ul t and ollt' ll 
impo:-;sihle lo de t ed t he olkal i 11·hich c:1usecl the poison i ng. 

};. Treolnu' nt of d/lwl l P oi.wnw g. 

' l' ra\"h.eoLon Jy cdwuld lH· pl' l'forJI Je ll i n e;;J ses of g l olL is oedl'l ll<t. 
I11 le ~> ,; se1·cre eases ::;toJna (' h Jayage co uld h P e.'\L'cu tcd " · itl1 S ll~<lil 
qu:lntili (•:; (:?00 C.(· . ) of "·e; l k :ll'i d so lu tioJIS (diluted ,-j,, cg: ll , acvf i1 · 
al'id ) . J\Iilk and eggs tdJOul!l be admini ,; tpred and HPlhdo n n:l 
(at1·opi ne) Lo inhibit g~1 odJif' :1nd in lestin:d se(' n ·lion <I IHI nLO tility. 
lt is of in1podan('e Lu Lre:d t he IH' a k heart . .\l o rphin e inje1· t irll! ,; 
s ltould he g i ve n to :dby pai1 1, excitcnJ!'nt . in res~ <J I IL \' Ollli t i n ~· :~ nd 
s ll'l'pless ness . In l'n s ion s an· l';.;st·n tia l in unll' l' tu re pla! 'l' i h8 lo~s 
of flui 1. Serious case:; of ste no,;i s o f !he oesop hagu s, pyloni~> ::md 
Slll :tll int e;-; tin<· s ho u ld l ,p OJH' l'<liell u pon. 

I rr. Sui\L\1.'\ H\' . 

l. Poisoning wifh \\·cak a nd caus ti c alkalis l ' n ·,·it·\l·ed und 
!li :;(;Us:;ed. 

2 . "\ naJysi c; of a sp e n111 e u of milk Jll alirionsly poiso JJ e!l with rau s tic 
.'ocb i:; d e.-;ni heel . 

3. An act;ount i s g i,·Pn of (u ) experiments in 11·hi ch Yarying 
qnantities of cau s tir soda w er e aclcl cd to fresh co11·'s mi l k :tnll 
a lso of exp e riments concluded u pon rahbils with this mi lk. 
(b) The eftects o f different conren trahons of eau sti<: soda 0 11 
rabbits. 

4. 'L'h~· !'Oil t·inuo ns taki ng of a l k:1 l i ne stonial'h ]lO"·d e rs 111ay h a,·p 
s8n ons ('O nsequences . 

IY. A Cl\NOWL IO: Il G H ENTS. 

My !hanb :tre clu e t o Dr. J. T~om,· of the S(•ction of 
Bior·hl'mishy for !lde rmi ning- the quan t i ty of sodittlll in i h e 
s uspeded sp ecim e n of milk. To my a ssista nts, 'Jfr . . r. U. M al h erhe, 
M. Sc ., and Mr. ~f. G. Yan N iehrk, I am indel,tell for assistance 
r encler efl in t h e e;o nn ;e of t h e exp erim ents . 
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