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I. INTRODUCTI ON . 

The quecd-ion of pnlRsic ;l( ·irl i n g- rns~P~ i;-; ·Of Jn acti ca l a,; 11·e ll a s 
t heoretical i. mportan •·e. ThP n u me rous (lea ths in :~nim:~ls caused 
hy toxi ('. forl<ler 1aisP ilw ~uhjed t o :1 Yil:1l i ;;:me for fm'm Pr~. From 
a ih em·et icn l p ni1d· of YiPIY t he prohl Pm thr m1·s nn1c h l ig- ht on th~> 
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phy s_iology of the plan t. Indeed, in m any ca 8eH it distinctly shows 
the mfluence of environment on m etaboli snt a n d also provides som e 
hint s on t he possible intermediate products ' '"h ich cou l d ar ise in th e 
synthesis or disint egration of protopl asm . \Ve are probably tou ch in g 
her e on some fumlament al activity of t he living cell , wh ich m ay 
enhghten us one day on t he r eactions leading t o p rotein synthesis. 

As in moHt (:a se,; o f agricultural research , th e theoretical aspect 
of the qu estion p rovides t he solut ion to t he practical one . }fany o£ 
the experiments mentioned in this pape1· haYe, however , been made 
only wit h the vie" · of obt aining imm ediate u seful con clusions f:Jr 
t h e f an ner. It i s p erhaps t hi s lack of academic interest in t h e pro1-
lem ''"hich leaveH 11s so m uch in th e dark with respect t.o conditions 
leadi11g t·o the production of p r n ssi.c acid in grasses . 

'l'he publi ca tions on the subject are already abundant ; a 
summar y and a syn th esis are therefore urgently called for , especially 
in t h e presence of numerous conflicting observations, which reYeal 
on ee m ore how invohe(l the r esponse of th e plant is towards i ts 
env iron ment. 

In our en deavour to ull<1erst and <:iollllle of t h e drast ic ch an gp,; 
ob<;el·vecl in plants, we also far too often look fOl' outsta nding ca uses . 
Y et uwny of t he remar kable iiu c:tnatious in prussie aci d ('Ont ent ar e 
produced only by minute Yari ations of climate a rH1 chemical compo­
sition of the soil. A n exp er im ental m ethod to re(;ord su ch oligo­
dy n am ic ch anges of environm ent is badly n eeded and " ·pre such a 
m et hod at hand ' '"e would certainly see clearer in the p roblem under 
eli scussion . 

In on1er to dis<:uss our su bj ect f rom all possible an gles we sh all 
a lso ha ve t o dea l \Yith a series of t h eories, not directly conn ected \Yith 
g rasses, t hP conclu sion of whi ch rnay hmYever have a h em·ing on th e 
plan t s " ·e are dealin g \Yith. T h e aim of the paper is t herefoTe n ot 
m erely a compilation , but a syn t h esis of the existi ng knowledge on 
t hP q11 eshon of pru ss ic acid in grasses. 

II. A LIST OF T OXIC CRASSES. 'c 

P r ussic acid occu rs i n grasses eith er fr ee or in t h e n itri l e fon1 l 
linked t o a sugar and benzaldehy de-li ke snbstances . It is doubtful 
\Yhether t h ey all COnta in th e Same g lycoside; acetone<:yanhy <lrl ll ha~ 
however not as y et been detected in t hem. I n most cases the plant 
possesses t he fe rment n ecessary to split i ts gl ycos id e ; someti m es th e 
t or mer may occu r alone . Ko grasses are as yet kn own '"her e t h e 
glyco;;ide alone is p r ese11 t , yet in -f uh 1re sm;h cases may sti ll be £oun c1, 
if we s nhmit t h e Gramineae to a severe test. 

In the follo" ing l ist. ih e au t h ors in br a ('J, ets are those who have 
been <lea ling \Yith t h e pla nt , or at least haYP quoted it . 'r h e first 
name is not necessmilv that of t h e auihor wh o macl e the first inves­
tigation , becau se it is "'often difficult, i f n ot impossible, to determine 

*I am ve rv much i ndebted to P rofessor A. 8 . H it chcock. N a t ional Her­
bar iu m, ·washi ngto n , wh o, thr ou gh t h e cou rtesy of D r. E . P . P h ill ips, lu~s 
supplied m e wit h t h e most recent n omenclatu r e of t h e g rasses mentwned 1n _t lus 
list . I also wish t o t h a nk :\1iss :L. Chippen dal, of t h e N atwnal H erban u m. 
Pretoria _ fo r h er a ssistance. 
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who started the or ig inal r esea r ch. \Vh en t h e in formati-on is aYail­
a ble (only hom P etrie) we sh all state 11 h et her th e plant conta in,-; 
g lycoside + fen uen t, or ferm ent alone. 

1. AndTopogon inte?"Jn edius R. Br. , n ative in N .S. Wale~; , 
(P etrie 1913) , g lycoside+ ferm en t, st rong r eaction i n 
s ummer . 

2. And1·opogon ischae maun Linn . Wid e cl ish j bution . ( P etrie 
19J 3), gly coside + ferment; s tw ng 1·eaction i n the smume1· 
of K .S . W ales. 

3 . Andropoyon nti cra nt hv s Kunth . , 11ati Ye in X .S. ·w ales, 
(sct>n t ed grass) (P etri e 19] :1), g lyco:>i<lt> + ferment , lmt only 
trace, som etintes en tirely frt><• . 

4. A n·,:sopooon wcenace1tS H.. Hr. , na t ive in :N .S. \Vales . (P etrie 
1913). 

5. A nt h eplw u t Jn tbescens Nees . South Africa. H enrici 192G. 
Steyn Hl04) ; co11tain s lmge amounts of prussic nc irl in tht> 
wilterl sta t e. 

G. A 1tth otca n t lm 111. odoratum L i nn. \ Vorld \Yi cl e. (l)etrie 1913), 
fermen t ·only . 

7. A •ristida congesta H . & S. Sou th Africa . (Henrici 1926, 
St eyn 1934) y iel ds prussic acid especial ly when the l eaves 
are rolled. 

8 . A ·rist?:da nwizJl-umis Licht. South Africa. (Heu ri t i 1926, 
Steyn 1934) , y ield s p r ussic acid \Yhen "·il tecl . 

9 . Anmdo !'onsp1:c·ua l<'or sk . (Corta d eria conszxicua) (G1·eshoft 
1909, Pammel 1911) . 1'h ere is n o r ecord of t h is sp ecies 
ever h aYing been t r a nsferred t o Cortaderia nnd e1 which 
genus it is qu ot erl by Gresh off and Pammel. 

10 . A.1'o nop11S com zJressu s B ea u.-. (PaszJalwn ]Jlaticmtlon P oir.) 
N .S. I:Vnl es. (P t>hie J913) , ferment only, duri ng p art o£ 
the year. 

11. B am lJ usa ((ru ndin(( cea vVi lJ.cl. "\Vi<le distribution. (\·Valter, 
K ras,;uosselska , ::\I axi nto1· and ::\I altsf'h ewc;ky 1\J ll , P etrie 
l!:ll 3, 1\Tehmer 1929). 

12. JJout efo ·tw ,r; ,a r:ihs (H . B . & K .) L ag . (1Joutelo11(1 oli,qos­
ta ch y a Tor r .). Introduced from :Mexico into N .S . \ Val es . 
(P etrie 191!"-l), g lyc·oside + ferm e nt , muxinl11lll in micl­
summ ei· iu N . S. \ Vales. 

13. llriz(l. minor L inn . \ iV orld 11·i rl t> rl istribu tion . (Coup t>rot 
l 90R, Gresh off 1B09 , Pammel 1911, P etrie 1913) . Pt>trie's 
inYestigations in 1913 sh o" · negative result:> t h r onghout 
t h e y ear . 

14. Cata iJ rOsa aquat·ica (L.) B eauv. (P etrie g iYes Hl08 as first 
el a t e of record , but no au t h or. ) (Gr esh off 1909, Pammel 
1911 , P etri e 1913). 
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15. Chaetium. ln·om.oides (Prest.) Benth. (Petrie 1913), ferment 
only. 

16. Chloris polydf.Lctyla (L.) S11·., inhoduced from South 
America to N .S. Wales. (Petrie 1913), glycoside+fer­
ment, throughout the year. 

17. ChloTis truncata, ILBr. (star grass), nati1e in N.S. Wales, 
(Petrie 1913), glycoside+ ferment, strong reaction only in 
January. 

18. Chloris ventricosa, R.Br., native in N.S. Wales. (Petrie 
1913), glycoside+ ferment, strong reaction only in 
January. 

19. Cortarlen:a argentea Stapf. var.. g·t:gantea, 1·osea and 
var?·egata . K o record of the public..ation of the varieties 
could be found. South American Pampas grass, culti­
vated in K.S. "~ales. (Petrie mentions 1906 as year of 
first record, hut no author.) 

(Petrie 19J3), glycoside -+ ferment, all nrieties show 
strong reactions the " ·hole year through. 

20. Cortaderia k.ennesiana. (Greshoff 1909, Pammel 1911). 
There is no record of such a species. 

21. Cynorlon bmdleyi Stent. vVide distribution. Cultivated as 
a lawn grass, (Steyn 1929 and 1934). 

22. Cynodon rlactylon (L.) Pers. vVicle distribution. (Pettie 
1913, fonncl fennent only; \:Vehmer 1929, Steyn 1934). 

23. Cynodon incompletus N ees. South Africa, N.S . vVales, 
(~1:aiden 1912, Schimmel 1913, Petrie 1913, vVehmer 1929, 
Steyn 1934). According to Petrie it '"as still doubtful in 
1913 whether this g-mss h ad been intror1uced from South 
Africa, or is indigenous in Australia . According to the 
same author the grass contains glycoside+ ferment, shows 
a strong reaction i.n winter only, loses it s glycoside through 
desiccation " ·hile the ferment remains. 

24. Cynorlon t1·ans'&aalensis, Burtt Davy . 'l'ransvaal. (Steyn 
1934). vVilter1 specimens contain large amounts -of prussic 
aci.cl. (See also under climate and soil.) 

25. Danthom·a semiannvloxis (Lahill. ) R.Br., nati.s-e in N.S. 
Wales. (Petrie 1913), glycoside + fermeut, faint reaction. 

26. D·i(!itm"ia eriantha Steud. South Africa (Henrici 1926, Steyn 
1934), prussic acid in wilted specimens . 

27. Dactyloctenimn, aegyptium (I.) Richt. (Eleusine aegyptiaca 
Pers.). South Afriea, N.S. Wales. (Petrie 1913), glyco­
side+ ferment, reaction during part of the year only. 

28 . Elettst:ne comcana GaeJtn. (Raybaur1 1913). 

29. Eleusine indica Gaertn. South Africa, N.S. Wales. 
(Petrie 1913, Ray baud 1913), glycoside+ ferment, reaction 
during part of the year. 
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:30. ~' ragrostts p iLosa B eauY . (P e tr i e HH :l), f en neu L only, dur­
ing pari· of i lte y ear. 

3l. ltJrag1ostis JICciiiJacnt .Jl icll:\. (Em.[JJ·uslts fi 'lli"Ch ii Schrad.) 
(.Pei r ie 1013), fenn en i only, d uring pnr( of ih e yt>al". 

;32 . ltJustarl1ys firt spalolrles (Y a hl) Lnn za p( }Ld ti . \Vid e d i.~­
hibHiion. (PPtrie 19 ]:; , n o~en i haler J9:t-J, H t>nl"i ci 19~fi, 
W ehmer 1D28 , SiPy n J !) :)-±) . A (' t:or rli ng to P etrie, g lycn­
~ i(le+fennent, in ::\ .S . \Yales . Yery st rong reaciion in 
X ovemht• r , f. tint ot n il d11r in g- t itP re:>( of the _vea l'. 

;_):l_ Elym·us .-;p. (G t·Pshoff 190!J , P ;lllllllPll 1J1 1). 

:J4 . E ch i?locldoo co lo na Link (Foninun colon um L.) ( Petrie 
l !J1:l), fe rulen! onl _1· , (l ur i n g- lJa r t of i he _V('< t l'. 

:FJ . F cstur·o /ol'!teuolii Stw rlt t. ( F cs/11ca f!UII Kuut h ) ( l'etrit• 
tne n t ion s fi r, (. teco rd UJO.'l, \,u t 11 u autho r ) . (C:hes ho ff 190!), 
l' a tlll tiPl [!J JI . P et ri e I!J I:l). 

;)(). ( ,'1/}Gerin lllf!III!JI'I/ ( I '-) \\";1}11 . ( /Jolt ili(ltlt f i, ·,t I .) (.J o ris~n l l 
1S8+, < 1n· ~h o ll ln tHi . ID09. P <11111llel 19 1 1. P 0h·ie 191:;, 
Uuer i n 1 !J!f2J. 

Ti. Glyce'l"lll C'illl({rfcJJSJs (.Ji ir· h ~ . ) '.l' r i11 . ( l 1o nlcll lilnll ,·an11dcusJ:; 

:\fir·l1x. ) 1\nntzf', ::\orth "\ nl t>rica (r\Llwrg and B lack 18FJ) . 

:J,'). Glycerl!t ,r;uuulis \Ya ts . ( Panindrlltll .r;u nu!ts :Xash ), :lor il1 
Am Pri r-a (Ahl1 t> rg- a1Hl Hl ar·k 19 1·-l ). 

30. G'I _IJI't' I"IO· l ll't co l o ( \ f ill d . ) 'l'ri Jt. ( Jiunir11/aria lll' rt:({/fl) 
(\Y illrll Kunt ze . :Xodh .\ meri1 a ( .\ bi:f .. rg ;t l1 (1 Hlack U) ] .-l. l 

4-0. Jl emlll·li"'o t'li!IJfll'cssa H.J h . (P etrie l Dl >l l, fe rlllPttl onlv. 
tl u r ing par t ,,£ iltt> yPal'. 

4 1. /Joints /onof /1., Li.11n. \\ ' itl(• di~t r ilmi io n ( l't·h-it• ll ll' ll ti ons 
rla iP of fir ~ t n •t·uJd Hm'i . hut ll<ll author) . (G rP~hoft 1909, 
J> nn1 n1 el l !ll 1 , Petri<' 1!)1 0). 

42 . !Jt_!JUrlls o ru/11 s Li n n . S o llth A hi(·a, X.S . \ \';tl l•s. ( J> etri t~ 
l !)]:l), fer nH'It! 011l\· . ,J ur in g· part of the \t'<tl" . 

-1-=L T,rllnlll"l'loo o ur1·u ~r, )('n ('h. (C'oup Noi I!JOS. G 1T .~ hofl" "190'), 
P etrie ] !)]:\) _ P ei r ie h;l ' found 110 h;~('e of p1uo<~ir a1·irl i n 
hi ,; SJl PC illi Pll ,.; in "\ .S . \ \"; Jl e .~ . 

++. / ,epttJI"Uou rlc''l''c ns (H .Ih .) 1hnt·e ( lle lt! lt<i ll l 1·efer~ t h i ~ 
:-;p. to / ". r-771111' 1/sls ~<-'t>~). ::\.S. \V;~le,;. (P Ptrie H)J:l) , 
gly(' o~i cl e+fel llleJd . 'tro n !.l pro.l lt dio lt of TIC':\ t hrough­
o ut i ill" :VP:Il'. 

.J. ') _ J,cptr)("ll lou dulno (H.H . & K. l ~ee;; (Diplachne d11hio 
Snilm.) A :\Iexit-;111 grn 's introrluct>d i11to K.S. \ Va1Ps. 
(P el l'l f' ] D J!"$), g·l:n·o5i rl P + fpnne II t , 011 f' of th e gT:t::iSPS that 
yieltls t h P hi g iH•s t <ll ll0111l t of prm,;ie nr i(l i 1·:;terl h:v P PiriP. 
T•:yo]n-~ con~t ;~n th frpp acitl t h ronglHlut t h P _,· pa r. 

+n. Loliwn Lonzo tl'kii T'- (CorneYi n lf\03 . Greshoff 1900. 
P a m m el 10 11) . ::\o su eh :-;pecies is on r e('onl . 
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47. Loliunv J!Cren ne L. (Mifpiel 1838. Colllnin 1893, Chee~hofT 
1909, Pam m el 1911) . 

-±8. J / cliw nltissimn L. 

49. J f ellca r:iliata L. 

50 . . ll clica nutans 1 .. 

;)] . . If elicrz unifiora H etz . 

l (Fitscli y 190fi, P etri e l9n. H ay­l b f:ll Hl 191;1, \Ye l1 m e r 1929) (Gres­
( hoff 1909 aucl Pammel] 911 mention 
} ge n :L.;; .\lPlica) . 

02 . . 1/r>llr·u llra.IJIIOllr Chen. Pt Goth. (.~Jira ncle l90!J. Hay hau d 
191:1). 

;);). Faw,·llm lmlhosum H. J\ . & 1\. ( l' e tri e 1!) 1.0), fen11ent ·only, 
<hll i ug pn d of tlw )"P ~lr. 

;14 . f JIIIIII ' l/111 rl11 ·unNLIIs:si uuuu ILJh. ,·ar. nornwle B ent l1. 
(P .... tr i<• J<Jl >l) , fp n u e nt o1dy , during IJ<trt of t he year . 

• );> . l'wunuu .i unccmn )fpp~ . (G 1 ·e~ hoff <ICt·ordin g to J>nn1mel 
J !J I I ) . 

Oli. f'u n/rUIII· 111/1.('111/ll/11 . );II; <J. \ \ 'id<• di ~J ri !Jui ion . (Jh i.tnnir.Jl 
19 tU , UrP~ I wiT ] !JtJ(i. P e t 1·ip L9 1 :) ) . .Pet riP h :1s not f ounrl 
any lJl'll~~ic aciLl. Co n tnins dhunin acl'onling to Hadder~ 
:uul ·w ehmer in Klei n 's H an<lh. cl er Pft:m;.:;Pnanalyse 1932. 

57. Panic11111 lll'llfi,·u lll Fo r~k . U3ilinnich l!J03, Gre~Loff J!)Q(i, 
P et ri e 19Vl) . l'dri <' b;JS not foull<l <Ill .)' prus~ i c ;~ <.;id. 
Contain~ tl ln11rin a<· <· onling- t o H adde rs antl \Y eh mPI' i n 
KlPin· .~ Ilnnd lnt c h <lr•r l'+la nzen;t n al.n;p 19;1:2. 

,->8 . Fun/1; 1t lll strictu m H.lh. IBenth<~m names t hi s P. IIWr.r; i­
no iJIIn. Y a 1·. strirtum Henth. ) (J'Ptri e Hll3), ferment only, 
duri11g- p:nl of t h e year. 

I>anic um a s <1 gen ns \I· a ~ men tio nPd hy Gre;;lwfr i 11 

1 9()~ anrl Pnmmel il' 19 11 . 

o!J. POS[illlitll/ SI'! O f!l !'ltfllflilll l . inn. S o uth Al'ri C"<l , ~. S . \\';de;; . 
( P l' tri(' l!J I:l) . f e rnt Pid 0 11h , rlu r ing p :td. of i li P year. 

(i t!. P cnnJsrlillll la&lj oliu m Spn·ng . .:\'.8. \-V;tle.-'. (l'd.I·i <' 1!) I ;~) , 
f er n te tli onl:-· . during· p;trt of i li t> ypar. 

fi l . !'!to/oris roerul!'sccns l ) ce~ l'. (J'ho /11ns 111)'1111/l r l! TJ.) (J o ri s-;on 
1.'-\.'-\;-J. .l ori~~on ancl ILtir .~ l8!Jl, \ r e l11ue r JD29) . 

Pua n emoml1s L. ::'\.S. \Y;de~ . ( P etri e 1 ! ! 1 ~1), fprntc·nt o nly, 
cluring p;~rt nf th P :Y ' '<lr. 

fi3 . f.Jo.r;o no1tlu·ia sqtt iLn-oso ( L iC" h t.) Pilgc'l. S o uth A fri c<l. 
He nri('i J!J2(i, St ey Jt l !Hi). \\Tilt ed SlH'cimew; r·ordnin 
p n L:;si •· acirl. 

()J. H lw;,h ls gtyllus (I. ) D Pw . (.-l nrlropO.IJ071 .r;n;ll1ts L. ) ::'\;~ tin 
iu S.S. \Yale~ . (P e t 1·ie ID10), glyeosirlP + fenn ent . only a 
iT:11·c> <lllrl o nl .1· in ,,·in ter. 

Gb. Nha77 his montana !Stapf .) 1-'li i ll . (ChrJJSO fJ O.IJV II snndo ttts 
Trin .) South Africa . (H emici 192()). 
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66. Sorghum halepense (L.) J:>ers . [A n dn;pogon !wlezJensis (L .) 
Brot.]. Petrie indicates first recor d as 1903, but does not 
m~ntion the author.) (Pammel 1911, P etrie 1913). 

67. S01·gh1un halezJense (L.) Pe1·s. form a (Andtopogon halepen­
sis Sibth var. mutica H at;k. ) ~ati ve in N .S. \Yale,; (P etrie 
1913), glycoside+ ferment. 

68. So·rghum vert·,:cillif{orum Stapf. J ohnson Gr ass . (Craw­
ford 1906, Steyn 1934). 

69. Sorghum ·u1tlgare P ers . I Andropogon sorghum (l. ) lhot . ] 
(Cornevin 1838, Abbot 1887, P a1meri 1887, D un.stan anrl 
H enry 1902, Balfour 190;3, Peters , Sla (le a nrl Avery 1903, 
Havenna et Zamora ni 1903, RaYenna et Peli 1907, 
Greshoff 1909, Pammel 1911, P etrie ] 913, \Yehmer 1929, 
Stevn 1934). 'l 'h ere is a rermn kable Y:u iat ion of the fer­
me;lt . Cerh iu lea ,-e~ r-ouh1 in the ferniPnt only (Petrie 
1913). 

70. Sorghu m 1mlyare P er s. forma (Sorghum nigrwn R. & R.\ 
(Petti e 19Ul, H osenth aler 1922, Hl23 , \Yeh mer 1929) . 

71. Sorghum ·uvlgure Pers. fonna (Sorpi"lW! succlwudum. Pers.) 
(P etrie in(hcr.tes first r ecorrl in 1903, but <loes not mention 
the author). rP et rie 1918, Hiltner (dat e?), vVehmer 1929, 
Steyn 1904. J Raylmu rl 'h as exam ined 26 :Sorghums, bu t 
does not ment ion the ,;pecies. 

72. Spo1o bolus jimbriat11s Kees . South Africa . (Henrir·i 1926, 
Ste;yn 1934), prussic :1 cicl in the wilted plant . 

73. Spo1·obolus 'r·ir.r;inic1ts Kunth . K .S . \ Vales . (Petrie 1913), 
ferment only, during part of t h e year . 

74. Stiz)((, raplllata L . (Greshoff 1909, P etrie 1913). 

75 . Stipa elegant7ssima Labill . ~ . S. vVales . (Petrie 1913). 
ferment only, <lm·ing pmt of the year . 

76 . StizJa .r;i,qa11Lea. (Petrie 1913, n1 enhons ;ye:n of first record 
1906; hut no author .) Ther e is S . g1-,qantea Link and S. 
g'iganlra L ag. Tt is impossible tn rleeide " -h ich one ,,-as 
meant. 

77. St'l"pa hyst·ricina Spr eng. (H ebert-Hein 104, Greshoff 1906, 
P etrie 1913) . 

78. S tipa leptostrlCh ya. Griseh . (I-Iebert-Hei n 1904, Greshof[ 
1906, Petrie 1913) . 

79 . Stipa. Lessinqiana. Tri11. & Rupr. (Gresh off 1909, Petrie 
1913). 

80. Stipatemt1:ssima Trin . N.S. vVales. (Petrie 19J3) , fermeni 
Ollly, during part of t he year. 

81. S t'iJ)a tMt1:Zis. D esv. (P etrie mentions t he year o£ reconl 
1906, hut no author) (Pet rie 1913) . 
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82. Stipn rrrticill11-ta Tri 11. (B Pn t ham 
717.1Cm71tha H .Br. ) N.S. vValPs. 
only, d ur in g- part of t h e year. 

refer s thi~ :s p. t o S. 
(P etrie 1913). fprmP ut 

1:):3 . J'hemcdo tn.wulra :F or-;]; . South A frica . (ITenri c i l8 Hi, 
S t e.vn 1934). 

84. 'f' ·ric/l(l r;/1/tc i11s11ru/is ~eP .-; (P illlll'/1111 lcltt'Ofl lw cu/11 H. B . 8: 
K. ) (l'ehiP 1!1 13), fp n nP nt onl y, clnri ng part of i h e ye;n. 

K:) . T nodia flow. (L. ) (S myth [1ndcns )locus ( L .) H i!ch r . l 
(AbhPJg & Hl ~ck 1 !J1 6) . 

SG. f!niolo lllttfolio nl ir-h . ":'\ .s . \Va ]p,.; , (P e l r iP 1!!1 3), ft"llliPnt 
011 l .\·, d 11ring part of t li P yc•ar. 

.S7. 'leo .llo.IJs L in n. (C'orn<>Yi n ] 8:18, ChPshoff l !J(J9, \Y;1lsh J8U!J, 
JlJ ;liP intlore,.; l' f' W·P: f> ;l ll l lllel L!J II . Hurl ! f);) yy 19 12, P et r ie 
18 10, H o"eJd lwle1 HlL i, pist ils : IY<>hn u~r l 921J, Steyn 
nn+J. 

SS. 'lys'" JilllliJI '/1-' \\' i llrl . ~.S . \\" nk,.; . (P etri<-' ] <)( :)) . fp rnlt'l d 
on l_v, du r ing pad of 1\w YPHr. 

Ill. THE METHODS OF EXTRACTION. 

1 t h a s lwP n ;1h un dnntl_\· cl PiliO II:it ra(erl tl1;d t he p r ussic acitl r·on­
te n t of a gTrL-;,.; YariP,.; con ::: i rle1·a bl_v au·onl i ng to f' limate a n rl sea son. 
IYt· ~ l l()ul d tliPrefon• not lw su r pri sed to fi ncl a larg-e di scr epan cy in 
HlP :fig-mPs ohtnin ed b.1 C]uanlitati,-e P:X pPrinlenls . So nw of He~e 
lllPaSuJ em ent..; <HP h o\1-<'\·er oiJPIL io ('Jitif'ism hef'acH; P t l1 ey wer e n ot 
;1ll c~H riP l l out 11·ith 8 m a:-;imu m r-a 1·P to 81·oicl los,.;es. Som e ])l'P­
lilllin;uy te:d·,; ~ h oulll ; 11\\' f l.\ · s he nwd e to Pllill lre t h ai ch1ring i h e 
c- hosen p10ce"s of extrar· t ion lHJ ar-i d or gl~·t·rbirl f' is Plimin nlerl . 

T he rliffi,· uli-i e;; ;ilta,· herl to q1w ntiLJtin• dt'i e J·miJwtions are .-;holnl 
hy t h <-' follO\\'illg- in~ta! Jl ·e . D o\\'P II (HJl !l ) l1;1.'i ohsc·n·ed th;J t th r PP­
<JII;Jrtt·r" of i hP pn.ts" ic ;11 ·id rl i.-;;IJll't'<LJ.'i ,,.l1en t·l1e g-ra s;; is .-; nb mittPll 
io tl eS il'l' ;J!ion . l'e[rj,, (1!)]_:)) kh d i,.;r·O\'e l'('() Oil ('_lji!Otf()!l int'OlllfJl(' /1/ S 

ill; l t \\·hilt• i IH· pln n1 i,.; d r.l·i 11g, llH· g·l.\-('lJ;;ill f' r·o ntP nt .!:· J;Hl ll<lll _v 
llP lTease.~ \1·1li le 1 he :\llH•Unt o f PllZ_\-Itle rl'Jl l; l i ns ll ll l·h :1 ng-P<l. T lt e 
w ri ie1· h :1 ~ lHl\\'P \· c-•r 1l r it• d ;;omt• QT:H,.;p.; tlli!l t•J· ·ontroll t•ll I'Oil rl ihon.'i 
;1 n rl h:J..; fouJil! t hat durinp: i he p{·rwp.;s pr;ll' tir·;d l ~ no acid e;;r-nJierl . 

T11P nl1o\·,. ;ipp;i i'Plli c·o n( r;Jdil't ion m:1_1· l:t• ;1 11 indi, ·;J t ion. not or 
t:·linli n ;Jt·ion hut of ;l trfl n ,.; f m·m;dio ll i11to otlH·r r; uhsL1 Jll'l'"· In .''l ll'h 
a r·; JsP drying· \\·oul tl n o! sh o\1· ;L ,]i _.; (' o loraiiml ,if f !J p (:l- ui g· Jwnl p:qw r , 
~~- h i le thP gi)·l'o.-;i,le r·md en l m:1_1· hnYP dim ini . .;he,l to <l r·OJL'icl en:l hle 
extPni. Tn f utu re s urh po~;;i bi l itic-• ,; 11 il l lJ::tYP io bt> borne in mintl , 
\YIH•Jl PXtJ·;ldion .,; arp ll!a (lP. 

J.LmY anl ho1 .' h ;l YP m :H·eJ·; Jte,l t he>ir nwtPr ial i n \\.;Lte r. ThPrP 
j ,,; no clo;1h t tha t th i ~ mPthorl inYnl n•,; n rPJta in loss through h i'O 
cl1a nn d s. ThP rhing· ct>lls ~~-i ll a.l lrm· ;l rli ffusio n of th e fermeni and 
pniRS i<" aci<l i.; e1 1 ;itt~· ~l ;1~ '<U('h. :JJ oreo,·er :111 flCJ li POils solutio n of ih e 
;H·irl is 1111 :-;tahle nnrl l earh t.o fol'mate ·of ammonin . 
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Bi&hop (1927) has submitted some of the !;Urreut practices to 
n test and finds that distillation leads to untrustworthy results. The 
akohol extraction is consider ed to be sound fOl' the estimation of 
cyanogenetic glycosicles in lea.-es . See also :\!" ara,;imha Ac b arya 
(1933). 

1'he follo1Ying points should always be taken into aceount when 
a quantitative test ir; deci ded upon: -

1. l-ICK 11J.ay be preiSent in a glycosiclic or non-glycosidic form. 
2 . During nwr E>ra t ion t he fE>rme11t may be l iber ating HCX. 
J. The Jaclical CK may be pl'esent in anotl1e1 colllbination from 

,,·hich it i::; n oi Lihen1tecl by om m E>tho<h of t>xtn1ction. 
4. Boiling the acid and its salts in " ·ater, o1· keeping it too 

long in an aqueous solution may cause loss lJy t r ansfor­
mat ion into oi her ;;nbstances. 

5. 'fhe method may only libemte part Qf the pl'ussic acid, 
the 1·est be ing retained hy catalyi ic m· steri(: hindranee. 

G. 'l'he process of extraction may be creai ing HCK d.e JWTO 

from nitrogen compound " in the plant. 
Ro,;enthaler (1932), in Klein ' s Handbuch cler PHanzen.analyse 

gives an extensive aceount of t he best m ethods for determining prussic 
aeid in plants and of extracting th e glycoside . \Ye need therefore 
not enlarge on the subject, except for the w~ll'ning that each species 
of grass needs its own m eth ods of exha ction, ''" h ich must be cl eter­
m ined by preliminary experiments. 

I wish , however , to call back to remembrance Greshoff's m1cro 
method (1889) for det ecting prussic acid in plant t issues: -

" Place a freshly cut section not too t hin and containing at least 
one layer ·of intact cells, in a 5 per cent. alcoholic potash solution; 
then transfer it after 15-DO seconds to a ''arm (60° C.) ferrous-ferr ic 
solution (2 · 5 per cent . ferrous sulphate + 1 per rent. ferric chloride) 
ancl leave it there for ten minutes and finally plare it for from five 
to fifteen minutes in dilute hydroch loric acid (one part of cone . acid 
a ncl six parts of water) . A section so prepar ed shows minute agglo­
merations of Pruss ian blue IYherever prussic aci rl occurred in the 
original section.'' 

This method may prove useful in many instances, as a side test 
in doubtful cases. 

IV. THE PRUSSIC ACID CONTENT AND THE LET HA L DOSE. 

There are comparatively fe11· experiments in gTasses which h ave 
been properly conducted to give a safe indication of their toxicity. 

Hindmarsh (1930) has found in administering " Scheele's acid " 
(:HCN) that the lethal close per 1 lb. body '"eight ·of sh eep and cattle 
is 1 mg. Avery (1903) has fmmd that 0·4 gr. HCN per os will 
render a heifer very ill, hut allow recovery. H e does not st ate the 
weight of the animal. Steyn (1934) has computed from sever~l 
authors (among which also Hindmarsh) that t he figure for cattle JS 

2·2 mg . HCN per K g body-weight intraperitoneally, and for sheep 
2·2 mg per os. 
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Are we entitled, on the basis of these tests ·obtained by pure 
chemicals, to calculate the lethal dose in terms of so and so much 
gTass, assuming we know the prussic acid content of the plant? 
Considering one of the experimeuts by Seddon and King (1 930) -we 
\Yould feel inclined to ans,Yer in the affirmative. These authors havf' 
sl1own that in feeding Acacia glaucescens (eontaining sambunigrin) 
they confirm Hindmarsh's determination of 1 mg. per lb body-weight 
for sheep . 

But curiously enough ''"hen feeding p1lre sambunigrin from 
Acacia glaucescens, the close in tenm of prussic acicl " ·as 2 mg. per 
lb. body-weight. 

Petrie (1913) 1·eports on an experiment made with C'ynodon 
incompletus which was fed to sh eep. The material contained 0 · OlG 
per cent. prussic acid. The lethal dose per sheep of 150 lb. was 2 lb. 
of grass which could liberate 0 ·14 grams of prussic acid. This con­
firms again the figure established by Hinclmarsh as roughly 1 mg. 
per lb. body-weight. 

Peters (1903) relates the case of a heifer which droppell to the 
ground ten minutes nfter having been chivf'n into a Sorghum field. 
The animal 'Yas finally killed because it \\·as obvious that it would 
not recover. The post-mortem shmYerl 1~ lb. of sorghum in the 
paunch. 

'ro arrive at an idea "·hat the quantity of prussic acid im·olved 
in the last ease ma.v he , consider the maximum quantities of this 
substance extracted fro m gTasses by the following authors: -

Dowell (1919) highest per cent. obtained on 
Ancl1·opogon SMghwn ... 

Swanson (1921) highest per cent. obta ined on 
Sucl.an grass .. 

Avery (1903) high est per cent. obtained on 
Sorq l1 11m r1tlgare 

Pinckney (1924) high est ]WJ rent. ohtninecl on 
Sorghum gTOWJJ on C'oloma sand '"i t h 502 lh. 
nitrate per acre . . . . . . . . . . . . . . . . . . . .. 

vVi.llaman mul \Vest (1915) highest per cent. 
obtainPd on Sorghum (Minnesota) 

Per cent. 

0·0514 

0·015 

0 ·014 

0·136 

0·114 

In at>suming that the animal in Pei.ers ' experiment had taken 
Sorghum of the highest toxicity su ch as Pinckney had obtained, the 
amount of prussic acid present in the animal thr·ough the ingestion 
of H lb . of gmss Kould be about 0 ·8 gr . Assuming ihe animal to 
be about 200 lb. , this would be four times the lethal dose. 

. But the important question here is not ho\Y much have \l·e 
introduced, hut how much ran be liberated in such a short t ime. 
Can we assume that the cells of the grass when reaching the paunch 
are broken up t·o such an extent to liberate the lethal dose within 
15 minutes? In vie''" of the fact that th e paunch is alkaline, thus 
not at the optimum pH for the ferment, in view of the fact a lso 
that only a small pr·oportion of the cells are broken . up within the 
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first hour, we may be justified in thinking that the glycoside does 
not liberate enough prussic acid and that therefore the latter is not 
the ·only toxic substance involved in killing the animal. The experi­
ments both of Peter s and of Petrie are open to this doubt. 

'l'he question of elim ination from the animal body is all impor­
tant in this connection . Prussie acid on account of its h igh 
<liffusibility will readily reach the blootl stream, but it will, by this 
~ame property, be elimillatecl Yery quickly. The balance between 
elimination and the supply from the ingested material ,-..-ill deter­
mine to a large degTee the toxity of the doRe. H the ingested 
material is slo11· to break up in the paunch, the animal will stand 
more thall the lethal close determined on pure chemicals. 

'l'his question that poss ibly another sub,;tance couhl be invoh ed 
in these deaths should be seriously (a ken into aecount in future 
investigations. One 11· a~· ·of testing the qnestion "·oulcl he to deter­
mine the prussic acid content of the materi:1l befme it iR fed. After 
the death of t he artimal the grass found in the p;nwch should be 
retested, to fin(l out ho1Y mu ch pru~"ic at: ill 1/(fr/ act 11rLll7; been 
l·iberated. The content,; of th e paunch IYoul(l bE'st he inh·oduced into 
95 per cent. :1lrohol to JHeYent locis during hanclli.11g aml transport 
to the laboratory. An exper iment in ril'to ma(le with saliva anc1 
extract of the paunc;h woulll also sho11· to "·hat extent these juice,; 
are fa 1·ourable or unfayoura hl e to t h e liberation of pr·ussi c acid. 

'l'he experiment of Pease (1897) JJJa y also h0 mentioned in thi,; 
connedion. Pease claims that deathl3 of cattle in India from Johnson 
grass were really cases of nitrate poisoning . He was able to detect 
20 per c;ent . of potassium nitrate i.n stems of the grass and in feeding 
this salt to the animals ,1·as able to reproduc-0 some of the symptoms. 

That eyaniLle is uot toxic under all c i t-c;umstances is borne out 
by some experiments of Loeb (1910) . It is a well-known fact that the 
eggs of thE' sea urchin are killed by a pure solut ion of NaCl. 'l'he 
toxir effect ·of Na can be counterbalancerl af'. J,oeh has sho,1·n by 
sodium cyanide, a very peculiar effect, which the author tries t~J 
P-xplai n by ihe inhibitory acti·on of cya ni de on thE' oxidation. 

V. CONDITIONS IN THE ANIMAL FAVOURING OR 
PREVENTING TOXICITY. 

In all cases of poi;;oJt ing. the stat0 of the animal previou,; to its 
eating the toxic plant must be i·aken into account, in eases of prussic 
acid poisoning more than in any others . 

S IY<mson (1921) has show n that ma rked alka linity an<l marketl 
acioity haYf' an inh ibiting influence on t lw prorluction of prussir 
acid. Thus the paunc·h IYhich is alkaline and iJ1 e stomach which is 
aeill will (l ecrease to a considerable extent the production of HCN. 
I h ave tested HCl in conjunction with pepsi ne and have found that 
the grasses crushed i n a mortm· emit more HCN in ordinary water 
than with HCl and pepsine. 

The question of hunger, overstrain, bad health, thirst, drinking· 
water before or after eating the toxie grass, should be taken into 
account . 'l'he effect of the toxic grass 11·ill largely clepend o:ri. what 
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the animal had been eating before. Indeed Peters, Slade and Avery 
(1903) have shown that considerable doses of HCN can be given t·o 
an animal "·ithout detriment, provided it is also given an adequate 
amount of glucose or milk sugar. As glucose is producerl by the 
action of p tyalin on starch, starch food may act as an antidote and 
so may milk. '.L'hese facts may account for the many erratic results 
one gets in experimenting with these toxic grasses. Starch, milk 
and molasses should therefore be subjected to further tests for their 
value as antidotes or preventives. 

Steyn has Rhown that sulphur is an excellent preYentive against 
prussic acid poisoning (Geilsiekte). For further discussion of the 
question t:ee Steyn " Toxicology of plants in South Africa " (1934). 

VI. EXTERNAL CONDITIONS LEADING TO TOXICITY OF 
THE PLANT. 

Briinnich (1903) in quoting from a leeture by vV. C. Qui nell, 
gives the following list of " conflictng statements and theories ... 
on the circumstances and conditions under which sorghum is believed 
t.o become poisonous.'' 

l. " H sorghum is eaten in an immature condition. 
2. vVhen sorghum grows rapidly after rainfall. 
3. vVhen the plant is stunted by failure of rain or by frost. 
4. When sorghum is attacked by insects during an exception­

ally dry season. 
5 . A poisonous mould or fungus is supposed to be the medium 

of poison. 
6. In some parts of India the plaut is said to be poisonous 

until the rains (monsoons) are over. 
7. The poisoning is attributed to the potassium nitrate which, 

under certain !~ircmnstances, is precipitated in the stems 
of the plants. 

8. Physiologic changes of growth of the plant ·owing to 
climatic disturbances, such as want of rain, excess of 
humidity, clamp cloudy weather, or prevalence of ex­
tremely variable and unnaturally high temperature. " 

Briinnich (1903) in his article, states that these points were 
submitted to an experimental examination. It would be indeed very 
interesting to submit them to sur h a test. We find, ho,Yever, very 
little of it in Bri.innich 's paper. 

In the above list t he age of the plant and the soil conditions 
are not mentioned. Briinnich has dealt " ·ith them to some extent 
in a later part of his paper. We find further reference to these 
factors in the follmYing summary by Wille man and West (1915) 
which states the case so clearly that I shall give it 1:n extenso:-

" Maxwell states that sorghum is not fed with safety until after 
the seeds begin to develop: Briinnich that it should not be fed until 
the seeds are fully matured, Avery says that the amount of hydro­
cyanic acid is greater in stunted plants, " ·hile Alway and Trumbull 

108 



A. C . rJ:EMANN. 

found that yellow stunted plants contained less of the acid than the 
green , vigorous plants in the same field. :Maxwell believes that t he 
amount ·of the glycoside is dependent on the character of t h e soil, 
soils rich in nitrogen proclucing plants richer in the g lycosicl e: 
lhi.inni ch, in experiments " ·iUJ socliu.1n nitJ·ate in Queensland , found 
!hat the fertilized plants container] slightly more h yrhoc:yanir aci(l 
t han those unfertilized :md concluded tk1t heayy nitrogenous soils 
and fayourable climatic 1:onditions tnCI'ease the amount of the acid. 
His findings " ·ere conoborated hy Ah·a y aud Trumbull. Br1innich 
also found that millet (Pmricwn mrilcru;eum) behaved similarly to 
sorghum. Schroder and Dammanu in Uruguuy, rrport an increase 
in prussi1: arid elm; to the use -of sodium n itrate as a fertiliY-er. 
Balfour noticed tk.d pbn ts infected \l·i th d pln s sor.r;h i contn inerl 
more h:yilroeyanic acirl i han uninfeded plnnts-" 

The aboYe remarks haYe been quotec1 '"ith t be object of sho11 i ng 
ho\\' much sti ll remain s to be c1on 8 to r each a sound vie'" ou t h e 
conditions :dtect ing thP prussic aci1l content of the grass . 

(ll) CLTMATE A~n SoiL. 

In verifyi ng some of the above .~tatements, \ iVillamau and Vi' est 
(1915) founcl t hat uitrogPn added to :1 poor soil may slightly inereasP 
the amount of liCK but that a fertile soil "~ith ab1wrlant nitrogen 
will not shmY an)· effect on fertilization. . 

PincJme,r (1924) "lw~ llt'tPrmi.ue1l HCX in sorghum plants gTo \Yll 

in a greenhouse u,;iug tlnPe }linnrsotn soi ls low in n itrogen conte nt 
nnrl a1l<ling ~odimn uitr:tt <> in differeili nmount~ . The s ize of tlw 
plant~, tlw.iJ· roloul', a111l prnssic a1·i<l rontPnt werP flffected lJ ~' t he 
anHmnt of uih·ntP appliPrl " . 

Although it is tlms demonstrnterl that t he soil has a markecl 
effect on the pru~sic aeirl pl'Ocluction, \Yhir~h is interesting from an 
academic point of Yiew, front n practical poiu t of view tl1e increase 
i.-; not such as to 11·.arrant any furthe1· iun~stigalions in that diredio n. 
As pointerl out by \Villamnu and \Vest (]91!)) elinwte is a far mo re 
important fac tor t hnu soi l in th e production of cl Phimentnl f]1lnll­

hties of prussic acirl. 

As a cha;-;tic illu"tration to thi~ fad "e may mentiou a ca~e 
clescrihed by D1;nstan anrl H em·y (1902) . 'l'h~f'P authors quote 
Bonanu~ \Yho sl10wecl. that the clark t·olourefl hem1s of Phascolvs 
lunatvs in )fa uri ti u s y i elfl more prussic acid tlwn the pale on es . 
In Bnrma the pnle buff' se !lli-c1tltiYated hean s r ontain only n t r ace 
of ]Jl't1ssic acid . But that it is not all a ques ti on of colour ancl 
Yal'iety is borne out by Guig·nard 's inYestiga ti ous, \\·ho h ad obtain ed 
prussic acid f rom white ben ns . He has also shown that the relat10n 
of colour to prussie aeid yield in wild plants of Java is not so dearly 
markecl as in }[:nuitius. 

Dr. Stevn lmr; inforn1erl m e ondh· of a case of Cyn orlon t rans­
?;aalensc, ~d;.ere the plant, g-rowing i1\ moi st ron dit ion s, y ielded no 
prussic acid, wl1 e re:1s the plants gTO\Ytng 011 a rlry ridge sh owed a 
strong renet.ion . A similnr ohserYfltion \\'HS m::trlP h~· N.ar nsnnha 
Achnrya (1933) on Sorg h11m ndqare. 
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Climatic influence on prussic acid production 1s clearly demon­
strated, but its effect can not as yet be foretold. 

(b) DIURNAL AND SEASONAL VAlUATIONS. 

Diurnal variations in the production of prussic acid have fre­
quently been recorded. Ravenna (1907) has found in sorghum an 
increase from morning to afternoon. vVillaman and vVest (1916) have 
shown that there is a maximum at midday for the same plant. Marais 
and Rimingt·on (1934) " ·orking on DimoTphotheca mmeata L ess . found 
an increase in prussic acid content from early morning to noon, which 
they think " suggests a correlation vTith intense photosynthetic 
activity." 

N arasimha A chary a (1933) vYorking on SoTghnm vulgaTe found 
an increase of prussic acid production from early morning to about 
2 p.m., after which there is a slight decline till 6 p.m. followed by 
a rapid decline at night. This last author also is of the opinion that 
there is a correlation with photosynthesis. The writer has notic·ed 
m Eustac!t.ys zJaszJaluide~ that there IS more prussiu acid in the morn­
ing than in the afternoon. 

Yap (1920) has sho\Yn on sugar cane in the Phillipines that the 
photosynthesis of the leaves is more active in the morning than in 
the afternoon. They were most active from 8 to 10 a.m. and then 
there was a decrease from 10 a .m. to 4 p.m. rrhis decrease after 
10 a.m. does not seem to fit in with the above observations, yet ·one 
may assume that the nitrogen metabolism may lag and reach its 
maximum after the maximum of photosynthesis. 

Much stress has been laid on the age of the plant and various 
workers have found marked differences in the prussic acid production 
as the plant grows .alder. The stems and l eaves have been examined 
separately anJ it was generally found t hat the st ems contain l ess 
HCN than the leaves and the l eaves contain the aci(l in various 
degTees acoording to their situation on the stem. 

Petrie (191a) in a series of grasses in N e"· South Wales has 
tested the prussic acid content throughout the year and his experi­
ments show the seasonal variations very well, and these, of course, 
are coupled with the age of the plant. P etrie has submitted his 
grasses to three tests, basing them on the assumption that t he plant 
may contain the glycoside as well as the ferment, or th e glycoside 
alone, or the ferment alone. The tests were carried out as follows: -

(a) Chloroform test (probably with Guignarcl paper although 
not stated). 

(b) Emulsi·on test, in case ferment IS absent and glycoside 
present. 

(c) Amygdalin test, in case ferment IS present and glycoside 
is absent. 
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'l'lte names are quot ed cer!Jnti/1( 
that case "a" gives pos itiYe r esults. 
t hrou g houL Here r!IT a fp \\· c;ISPb. 

A. c . LEE!\I AJ\".'\. 

h o m Petrie, " + <1 " llenotec; 
" rle n ote~ l1 ega t i Ye resu Hs 

.J (l /1 . A7n. A 11.11· .\'nc . 
A wLru fl U !.JO 11 hale 111' 11 sis Si b t l1 \ ' 31". 

1rwti ca H ac k + <1 + t.l + ;1 + <1 
C ltlori.s jJ I' i I"Cll'(l S\\·. + <1 + <1 + a 
Cynurlon du c t.l}/on J ' e r,; . + c· + c 
Cynodon JIICO III·Jill't1t S ~Pe .'i . + ;t + ;1 + a + ;J 
E lcu si11c rwg !J ptiuca Jl er s . + <1 + ;J + a 
8le·usine i nd icu Uaed11. a + ;J ;) 

} ,(/ ::o 1"11 s o r ll ftt s I , j II 11. + l' + t· 
F us p 11 l-um sc;rohil'u lot 11 J/1 Li1u1. + (' 
Fe 11 iseltttll lu11 .1) 1 s I .11 Itt 111 11 (H' li s t . + t: 

Jn q>~ t ig·; l l io n ~ or t h(• ki nd lll;ldt• hy I' Pt l'i l-' , (-•,;Lihli:.;hing- thl-' 
l'_, i,-;i ('n t·e o( c·ii hPr ;_d ,,·c·o.-;idP and fe i'JI I!' Jli or f t' l'l ll e ll i' alon e> ,;ho ulcl he 
l' il i'OIIr:Jg-Pd. ' l' lw g-1·a "·' l'Oi ilai ning t IH• fP rn 1e nt o nly n1 a)· Jll'OVf' 
da ng-Pmu ~ \\-hl' ll ;111 ;111 i 111 a l h:1 .-; IH' l'll Paling ;1 11<dh Pr pl ;1nt I'OIILii lling 
gl_y('os itk :1l o n r\ (' :lti t' of tha t n:i1 11 re li n ~ hee n cle,.,nilwd hy F innP­
Jillli P ( l Wl l ) ,,-h<·n· :1 1'1/ ('/ (( C:l'oi'!Ji ttrl B il ile_,- I•\ ·.1 11 l'un tr!in ing- th e 
gl_l'(·osid a "p n-·h ·a"ed pru ;-;:-; ic :u; id holll /;) u •nwpltilll ntucl!luftl ('ontain ­
i ng ihe g·ly<·o,-;i de . \\' e J!!LI J one day collle a<To;:;s a (';lsP '".hPrf' t h grass 
HU]!pli<-•.-; tl1 P fe nJI PII t :~ntl :J JJ otltPI' pl: u1 t t ll<' ;rl .n··o~ i<ll' . ThP lll cn·e 11·e 
ktHm of th e p_, j ~te iiC' l ' of t he fnmP ilt i11 ihl ' pb n t. t lw l)Pi.tPr. 

' [']J p lJ !•:l)th or t he p la11t p la .I·H :111 llll]IOI't alli r(Jl(• in thP lll'tHbJction 
or t li ~::appem·a n l' e of pru ss i1 · .a c-irl . 1\'i l ling- j_, " ~t:IIP ol l1ad he;di h ami 
lll this ,;late g'J' r! Sse.-; oftPJI )·ipld t·p [;Jt i l·e l_l' ).!.TP:d IJ II <l ll titif'S of pnu-;Si(' 
af' itl. \ Vi ll am:m and IY ... ~ I (1!JF> ) ha Yf' ,d ,o ~ h0\\' 11 tha t rJ<lPq uall" 
wa ter "11ppl)· is us u:lll_,. ;JI·r·olli Jl:ill iPcl hy lo\\· . a 11cl inacleqnai e, h.1· 
hig·h pru .-;,.;ir a <·id r·cnd c> 11i. 'l'h <· " ·:dl-'1 ' H•l:Ji itlll of 1 hl' pbni, in ot ht• r 
word s . ll y <h:di oll :1111l tf ph_,·dra ti·OII :~fi' l'f'l tiH• :111101111t of J ll ' ll "" i~' ac-id 
)Jl'Od ll! 'Pcl . 

1\'i)ti ll g' 1.-i :111 ahllfJI'll1:1 1 I'OIIditi(l·n of tl 1P p L111i :l<'t'<lll'll:llli Pd hy 
a l o\\·t·refl vii:~l ii _l ' . f> t•rlli :II IPni " ·ilt in g i ,-; l1ig-hly tldrim e n t;Jl. Th e 
Jll'O! ' l" ii~ .-;ta ri ,.; IJ:v n n !'); 1 ·e~~ of i : fl ll ~ pi1 · at i o n oYer " ·aler supply . Tl1 e 
i nt e r;-;ti('t·'S lwt\\et'l l i hP t· t·l b g·jyp ll l> t lwi r 11:0d e r fir s t· :nHl t·ht· rlir in 
t ho"l' in iPn·d it·(·'·' i> PI'Ol>l l:'~ l<-:,;s :1 11<1' I f'~ ,, ,;:d·ur:d Pd. Thi ,; i.-; " ·ha t 
L iYi ngst oJ I a nd lhml'll l':lll in r-i p it• Jd dn·in g-. ln hPiiop hilm1" pl:1nt s 
t lw r P 111:1 )' lJP :111 I'Xt·p.-;,-; of 20-:lO p Pr ('en l. of \\·:il f' l' I'Olltf•nt in t hr 
r · e l l~ of th P l PaY<'-' · fn oJn lJrophi ln tl :' ph1nL this P.,(' <' fi~ iR o n l~ - ] -:3 
JWr t·e n t . Th P l't-•lc•r! o;i JJg of th P r:-;- r- rs.-; "· ::~t· p, · prorlm·ps a 1·on s id erahlP 
slninl, in g of thP ('el ls :1111l ihe l eaYP.' '' ·'a " ·holP. ' l'hP cPlls i bPn 
losP t h eir tm ·g· i<lit·)· PniirPly ancl i h P _-;]ni11 king- ]notoplaRm ch n11·s the 
r·pll "· :~11:-; i !liY<J nl. Thi,; <lrn11·ing i11 ·of i h c- cPll "alb renc-h es a ('ertn in 
limit :tft el' \\·h ic h t h P \\·nll sn aps ofl' hom t h e protopln ~m r!J1Cl r:an se:­
:1 me<·hnni c·Rl in _jnr~- to t h P btier . 
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HYDROC'.:ANH.: ACID IN GRASSES. 

Incipient drying is not a dangerous process and can easi ly be 
checked by introducing the plant into a moist atmospher~. Perma­
nent wilting however cannot be immediately checked and reverse<l 
by bringing it into a moisture saturated atmosphere. 'fhe chemical 
changes which the dehydra tion has produced are too deep seated to 
be reversed at a short moment's notice. 

The subtraction of 'Yater from the protoplasm is . not a pure 
physical process. By the dilution and concentration of the cell con­
tents, changes in ionisation take p lace which are gradually compen­
sated by buffer action. Then certain substances may precipitate at 
high concentration and many a reaction 11·ill take place in the con­
centrated protoplasm which the less concentrated normal conditions 
would forbid . 

·wilting is accompanieu in the majority of cases by a closing of 
{he stomata. This closing of the stomata together with the lowered 
vitality of the plant decreases photosynthesis to a considerable ex­
tent, there will be a lack of sugar and a lack also of oxygen, in other 
words, a decrease of respiratory energy. Mme. Brilliant (1924) has 
shown that when the "·ater content of the lea£ falls below 25 per 
cent. an abrupt decrease of photosynthesis is produced, lowering tJ1e 
process to about ·one-quarter of its original value. 

All these facts must be borne in mind when we are trying to 
find a chemical relation bet,Yeen wilting and the enhancement of 
prussic acid which this state produces. \Ve shall refer to this 
question again later on. 

VII . INTERNAL CONDITIONS OF THE PLANT LEAD I NG 
TO TOXICITY. 

The chemical and energetic processes within the cell ar e ex­
tremely involved and we have arrive<l only at a broad and summary 
view of the whole mechanism. Several theories have been propounded 
on the question of prussic acid and plant metabolism and the Lest 
we can do is to explain those theories and discuss their Yalue in the 
light of most recent knmd edge . 

(a) THEORY OF GoRrs (1921). 

According to Goris the rOle of the glyooside is to protect the plant 
against toxic effects of certain substances like prussic acid, benzal­
dehyde, etc. In linking these toxic substances with a sugar the toxic 
effect is el iminated. 

B ut there is an extraordinan: contradiction between the forma­
tion of a glycoside for protect~on purposes and the subsequent 
releasing of the toxic substances by ferments supplied by the plant 
itself . The plants do not only dec-ompose the glycoside when they 
are wil ting, thus in an abnormal state, but the diurnal variation of 
the glycoside content shows quite clearly that the sngar and the 
aglycone are drawn into circulation again . 
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'l'he idea of protection in this case is rather far fetched. The 
question whether a plant will make a glycoside is not so much a 
question of utility but a question of ch emistry and catalysis. The 
fact that the plants containing glycosides also possess ferments to 
split them seems to indicate that the gl yrosides are storage produ cts, 
whetl1er temporary or for longer perioc1s cl·oes uot matter. vVillaman 
and vVest (1915) contend that the diurnal Ytll'iation shows that the 
glycoside in grasses is not a storage product. But the definition of 
a storage pr oduct is not ~o much based on the time f·or which the 
Jn·oduct is kept, ln1t 1·ather on t he fad Lhat an excess h as been set 
aside for the time being. 'l'he rapid reintroduction of a st orage 
product into circnbtion does not <1o away "ith the fact that it h as 
he en kept md· ·of (·i reub t ion. 

Rohin::;on (19;30) 11:1 1> (liscus,;ed this que,;tion too a n(l shO\nt some 
of its fallacies. 

(b) 'l'HBORY OF CLI.1'TJE I1. 

Gautier in 1872 contended th at free nitril' aci<l 1111dPr the 
influence of. formaldehyde product>s ITCX, C0 2 and H 20 . The JH'URsic 
acid was then supposed to enter into long chains 11·it h formaldehyde 
from \Yhich Gaut ier derived his prote in molecule. 

:Menaul (1920) has giYen ihi~ i heory a te,;t in the follo,Ying 
way: -

" Six flasks each containing --!00 c.c . of \Yater t>aturatecl "-ith 
carbon dioxide, 2 c.c. of 40 per cent. fonnaldehycle an(1 J gr. of 
potassium nitrate were t ested as fDllows: 

1. '1\vo flasks " -ere made alkaline to phenolphthalein with 
sodium carbona t.e. ·· 

2. Two "·ere made alkaline to methylorange but acid to 
phenolphthalein . 

3. 'L'wo flasks were made ar·id to methylorange. 

'l'he fla ;:;ks were stoppen ·d and ]Jl.a('P<l in snnlighi for one month . 

H.esultt> were as follmn;: -
No . 1 : No HCN. 
~o. 2: A h-are of H CN. 
No. 3: 6 mg . of Hf'N. 

" These Te,;ults, " sayt> nienaul, " wl1e n considered in connection 
with t he fact that the sap of the plant is slightly acid and t hat t h e 
nitrate and formaldehy de are present indicate that prussic acid may 
be formed in plants by th e action of formaldehyde on nitrates ". 

It is a pity that Menaul has not made a control in complete dark­
ness and that h e has not extended the experiment to other organic 
acids and other aldehydes . L atham in 1886 also attached a great 
importance to ('.yanogenetic r ad icals in th e synthesis of animal pro­
teins . 
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(c) THEORY OF }!EYER AND ScHULZE, 1884. 

Meyer and Schulze supposed that nitric acid through reduction. 
and that ammonia by oxidation may lead to hydroxylamine. · 

~03H-~NH20H. 
NH.10H---+-NH20H. 

Hychoxylamine in combining with aldehydes and ketones would 
form aldoxime;;. 

NH20H + HCOH-~ H 2 C = NOH. 

These aldoximes ancl ketoxime~ were finally supposed to lead to 
an am1no-group. 

The theory tloe:-> not make an,y :;tatemeHt about prussic acid. 
We are referring to it here because Bac·h based his theory on these 
considerati·ons. 

(d) THEORY oF Br~cn (1897). 
Bach has caniecl the idea o£ Meyer ancl Schuhe a step further. 

The nitrates are supposed to produce a certain amount of free nitric 
acid under the influence o£ organic acick Nitric acid in the pre­
sence o£ formaltleh,Yde \Youlcl produ(;e hydroxylamine. This, i u 
agreement with Meyer and Sdllllze, ,,-ould lead to formaldoxime. 

The latter nw,y then undergo transformation into the isomeric 
formamirle. Formamidc finally m:1,v under;:ro dehychation and yield 
prussic acid and ,,-ater 

HOCNH2-~HCK +H2 0. 

'l'his repreRents the dehydration theory of Bach. 'l'hat this re­
action can take place had already been sho,Tn by Scholl in 1891. 

1'hus supposing formamicle is formed iu the ]Jlani., dehydration 
by wilting woulcl lead to the fonnation of prussic acid. The theories 
of Gautier, Meyer and Schuhe, and Bach would also account for 
the increase of prus~ic acid through an excess of nitrates in the soil 
and in the plant. 

(e) THEORY OF TREUJ3 (1907). 
'l'he theory of 'rreub is mueh more likely to be of some Yalue 

because it is held in gene1·al terms and does not attempt to clescribe 
the details ·of the process. Gautier has al reacly expressed the idea 
that prussic acid is an intermediate step to the proteins. He bas 
,;poilt his claim to priority in a 11·ay, by putting fonYanl too precise 
an illea of how he thought this process could be brought about . As 
these supposed reaction;; \vere pmely inventions based on scanty fad:; 
the othen...-ise excellent idea of HCN being a st ep towards the pr oteins, 
was spoilt. 

Treub resting \Yithin the general idea of Gautier tried to show 
by experiments that there is much io be said in favour of it. His 
principal arguments, based on observations made on Pangium. erlttle, 
Phaseolus lunatvs, Ind·igojeTa, Alocnsia are the follo,.·ing:-

1. The presence of free and bound pn1ssic acid tends to show 
that it ill involved in metabolism. 
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2. The amount of HCN increases with the activities of the 
leaf. 

3. In Alocasia macrorrhiza the production of HCN is limited 
to the green parts, ''"hich means that in those parts the 
nitrogen metabolism is highest. 

4. In old leaves the HCN p1ocluchon is reduced as the meta­
bolism is reduced. 

Before tbe leaYes a1·e :; bed they are usually free of 
HCN. 

Treu b has also suggestecl a modification of Uautie1·'s theory. 
According to 'l'reub the production of Jn·us;,ic acid is not directly 
dependent on energy rleri,-ed from light, but is influenced by the 
quantity of sugar prese nt. 'l'h e r ecl udion of nitric acirl would he 
brought about by the sugar. 

(f) OnJECTio~s TO TIIE THEORY OF Trmun. 

Rosenthaler (1922) has tested the theory of Treub by some 
ex1Jeriments ,,·hich ''"ere g uided by the idea that i.f HCN is an 
intermediary prorlud i.n plant metabolism it should be present in all 
plants. 'L'o prevent any so m-ce of enor Rosenthaler has not used 
maceration for this experimr>n t. He expelled prussic acid by a 
current of ai1· after mincing the plant material. ('l'he mincing may 
be a source of error.) 

Out of 80 plant;; te:;ied in :>LH·h a \\'ay, 5G po::;iti,·ely sho,\·ed 
prussic acid. Hosenthaler rightly 1·emarks that this fact in itself 
altlwugh faTounlhlr> to the hypotl1 es is of 'l'reub, mny not be consi­
dm·ed as a definite proof because it <loes not sho"· ho'" prm;si<" acirl is 
produced noel " ·heth e1· it is a prorlu ct of synthesis ·or rlecomposi.tion. 

In onler to obtain wme mo re iuformation on thi;-; point Ro~en­
thaler injectetl an amino acid into sorghum. There is n definite 
stereochemical 1 esemblan ce behYeen p h eny la lan in and bemwld ehycle­
cy.anhyclrin, tyrosi.n and p-oxylJenzaldeh:vclr>-c~·anhydrin, Yalin and 
acetonec:yanhydriJJ. It is also .kno11 u thai IlCK C'an he olrtainr>cl by 
the oxidation of amino acids. 

Roseni.haler used tyrosin for his injection. If the idea of Treub 
is correct, he says, then the injection of tyrosi.n shoulcl induce a 
decrease in prus;:;ic ariel. Sou;lwm 11i.r;nnn " ·as injeeted and showed 
a definite increase in HC~. 

It ma_,. he recallecl here that Ha1·enna and ;l,amorani (1910) 
have tr>stecl an injection of aspa1·agin into Sorghum and found a 
decrense of HCK. 

Hosenthaler' s postulate that tyro~ in should cl ecr ease the prussic 
acid content, because this amino acid resembles p-oxy lwn :r.al<le hy de­
cyanhydrin, rests on a very slender ba sis. 

As a matter of fact we may a zw·i01·i even expect. the reverse, 
viz. than an excess of tyrosin will be transformed into p-oxybenzal­
dehyde-cyanhydriu and thereby increase the HCN content. But the 
processes involved when making a violent interference such as an 
injection, are so intricate that ·our conclusions are but wild guesses. 
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Rosenthaler's experiments are neither for or against Treub's 
hypothesis and admit of hardly any conclusion. 

Oppenheimer ( 1925) a ud Stekelenburg (1931) are against Rosen­
thaler' s cone] us ions. 

Stekelenbmg (1901) l1a;; made a se1·ie,; ·of experiments \Yith a 
Yiew to verifying the hypothesis of Treub. He has examined 
PangitwL edulP, Phaseolus lunatt&s, Pr11nu s padus and Prunu:; 
lcLttrocerasus. Stems, leaYes, seeds and sPe11l ings were submitted to 
a test. '.l'he method used for determination of HCK was that of 
VersGhaftelt, \\·ith a temper:1ture of G0° C. and m<\CE'ration du ring 
20-22 l10urs . 'J'he method ..;eems open to criticism. 

Ii would SPelll that Stekelenburg has rlnnvn a <>eries of rathel' 
s"·eeping conclusions from his expPrintPuts. vVe shall discuss thei1· 
Yalue ·partly here and partl;y un1le1· the hParling of facts in f avour 
of the theo1·y of '.l'1·eub. 

Germination of Phaseolus lunatus: during germinati-on thE' 
amount of HCK inneasp-; in tlJP p lant anrl then, ar:; the rotyleclons 
::;h rink, it decreases. 

Stekelenburg Gouclu cl e;; from this experilllent that the cyano­
genetie glycosides function as carbohydrate reserves . 'l'he 1·eleasing 
of HCN is not necessary because in his opinion t he plant is drawing 
e110ugh nitrogen from the s·oil. He points to the fact that Ha,·emw 
has found tl1e sa me ph enomenn of increase follo1Yed by a decrease 
on a soil devoid of nitrogen . Accol'ding to Stekelenbnrg the expm·i­
m ent ''"oulcl prove that HCK is rleriYed from some organic rompounc1 . 

But the expe1·iment doe~ not \\·arrant any omch fm·-reaGhing con­
clusions and can be well interpreted in fayom· of '.l'reuL's hypothesis. 

Buds and ;;tem;; o£ Pl"unus padus ctllll Fnmus lau1·ocewsus. The 
prussic acid content \YUS me.'lsureJ hefm·e hurlding and thPn after, 
on cu t twig,; kept in the clark, c.;ut flyigE< kepi in light an1l on twig'S 
still attaclrecl to ihP plant in light. 

In Pru11us zmdus i.he HCX of Uw stems J'E'lll< \ in s JH:l ctically con­
sbnt . 'l'he1·e i;; an inc reasE' of HCK in the lnH1~ und e1· most of the 
above-mentioned conditions . In Pnmus latu·rvera.ws the etiolate1l 
buds (c11t h ·ig in the dnrk) sbo11·(•rl a decrease, "·hile the others mani· 
festecl an iur:reasP . 

'l'he !'OnHtan1·y of the .liCX in the h1·igs and the innease in t he 
bu1ls tend to show that there is no migration of the acid. The facts 
do n·ot in ihemselves support ihe irl ea ''"hi ch Stekelenbtug hPre again 
emphasizes that ryanogenetic glyrosicls a1·e storage ])l'OClucts. In onE' 
case darkening had no effect :1nd I-ION increased, in the other it had 
an effect and decreased the prussic acid rontent. 

Leaves. 
During the day Pnmus laut·ocet·a.ms increases its HCK a nd 

maintains it con,;tant during the night. 'rh ere is no migration. The 
decrease sta1ts in the dark, after the starch has disappeared. J_,eave,: 
floating in ] 11er rent. glucose sol. increase t heir HCN, whereas in 
pure water there is a decrease. 
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These 1·esults ao·ai n are not m thelllsehe,; of any support to thP 
theory of reserYes. "' 

'l'he more important fact which arises out ·Of these expe1·imentf; 
is that HCN increases when no nitrogen is offered to the plants. 
Yet the experiments are not of a condusiYe character because the 
author has oYerlooked the possibility that the leaYes may contain a 
co?siderable TeserYe of nitratPs and they nPecl Yery littlP to keep 
ahve . 

The influen!·P of n ihates \Yas testf'cl in the f·ollowing way. Lea Yes 
were floated on 0 ·1 per cent. nitrate solution and showed a def'rease 
of HCN. vVhen g-lucose was adclecl an increase " ·as noted equal to 
ilte increase above wh en the ;;ug ar \Yas given alone . A 1 per ceni. 
asparagin solu tion showed a dec1·ease but in couju nction with sugar 
showed a marked increase. The author concludes th.at nitrates are 
not necessary for an increased HCN production. This conclusion 
meets witl1 the same objection as above. If the plant contains enougl1 
nitrates in reserve, an excess will only be !letrimental. 'l'hP 
administering of sugm.· may have :mother effect. 'l'he e:ffed of 
aRparagin e is shll mysterious and no condu,·iou can be !hawn from ii. 

t;tekelenburg concludes from hi,· experiment t hat HCN is not t h P 
first Yisible assimilation product of nihogt->n, that therefore the hypo­
thesis of 'l'reub is erroneous. He further contenrls that I-ION is a 
by-product derived from higher nitrogen componnds and haE< no 
importance in the N -metabolism. Transport of HCN does not tn ke 
place. HCN may have a certain value as nitrogen reserve. 

-While we agree that the cyanogenetic glycoside,; are temporary 
storage products, we cannot subscribe to the author's conelusions with 
respect to th e theory of 'l'reub. The experiments in themseh-es, though 
a valuable f'ontribution, clo not ca rn- th at element of ronYichon, nor 
are the.v to the point. 'l'hey simply do not pennit of an.\- definite 
!:onclusion " ·ith respect to the hypothesis of Treub ;.mrl may, as \H' 

" -ill show, just as " -ell be u sed to confirm it. 

(.r;) FACTS IN F Avor~t oF THE 'l'nEOllY OP T.1mrn. 

Ureshoff., Ravenna, Dunstan and Henry, Oppenheinl e t· anrl man,,­
other s are in fayom· of the 'l' h eory of 'l'reub . 

'l'o Greshoff's mind (190G) the " ·ide distributi-on of prussiC acirl 
throughout the plant world, in a large numbe1· of famtlies, is an 
indication of tht-> importanr'P of th e acid in those rasP::; where i t is 
linked with acdonP (ncetonP-cy:mh y!htn); it. lll<l .Y possib ly be au inter­
mediate prorluct in protein syHthe::;is, in s uf'h plan b as Prlll .r;v,im 
erlule, Linwn 1t sitatissimmn, .and Phaseolu s l111Wt1!'s . He thinks, 
ho\Yever, th:c1t tn such f'ases "·herP the acid is linked \Yith benzalde­
h yde such importance m ay possibly not Le attacherl to it. But it 
is clifficult to 'lee \Yhy in the mw ca:;e pnu;sic acid shoulrl be part of 
metabolism and why in the other it should not. 'l'he combination 
" ·hich th e excess prussic aC'td \Yill und ergo, depends on whether 
benzaldehyde or acPtone i,; present and these pl'O(l u ets are in them­
seh-es no indications of the pu rpose for "'hicb tbe acid is' produced . 
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Ravenna (1912) also accepts the theory of 'l'reub and thinks that 
HCN is a stage from nitrates over the amines .to pr·oeteins. He 
thought that this idea was strengthened by the fact that asparao·in 
injected into the plant decreases t he amount of HCN. But Czapek 
points out that aromatic substances produce the same decrease so 
that this argument is of as little value as the one forwarded by 
Rosenthaler for the opposite effects. 

Ravenna (1912) also pointed out the fact of diurnal var iation 
and thinks that prussic acid i::> proclueed by niti·ates and carbohy­
drates in the presence of light. He abo sho11·e(l that the maximum 
prussic acid is produced in the leaves . 

'l'he diurnal variations in the plussic acid content of grasses is 
a ::>triking fact which speaks in favour of '1'1·eub 's theory. 'l'hese 
1apid va1·iations show that the excess acid is temporarily stored a1my 
and very rapi(lly also broug-ht. back into eircnlation. The theory 
is also supported by observation,; made in the shade and in the sun. 
Dr. D. G. Steyn has informed m e orally that at 8 a.m. Cynodon 
t1·ansvaalense sho,Yed a high prussic acicl contE>nt in the sm1 and a 
fe11· yards away, in tbe shadE' sho,Yed none. Here evi(le11tly the 
higher activity in the sun will naturally prod ucE' an excess. 

'fhe increase of HCN by au abundant supply of nitrogen feiti­
li;~,ers also is iu favour of Treuh's theory. 

'Ve may also cleri,·e some arguments in favour of the theor)· 
from our oonsicleration ·on ''"ilting·. By the lowered photosynthesis 
and the lo"·ered supply of energy for the endothermic processes, the 
creation of ne\Y proteins will be very slow. Supposing this lowerE'cl 
energy supply does not affect the intermediate products as much as 
it does the end products, wilting 11·ould ineYi tahly prod nee an exce::;s 
of prussic acid if this substance is im·olved in the metabolic process., 
Henric-i (192G) h:t ,.;. con~i(l ered thi . ..; a::; a possible expbnntion too. 

On the other hand " ·e may, unclE'!' normal circumstances, in­
crease prussic acid if by an exC'es,; suppl)· of nitrates we increase the 
rate o£ pTocluction of the inte1·mNliate products . 

The process co uld be smnmaTi sed as follows on the basis of 
Treub's idea. 

1. Normal P ·rocess. 

Nitrates 
Photosynthesis 
Respiration 

2. Wilting . 

HCN. - --.;.-1 proteins 
Sugar fl._ _ ---+ I Respiratory 
Oxygen. Energy 

Decrease of respiratory energy; decrease of protein synthesis 
therefore excess prussic acid through accumulation of intermediary 
products. 

3. Normal energy supply lJUt e.?:cessive supply of nitrates . 
Result excess HCN. 

4. Excessive activity in the stm. 
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General increase of activity, increased transpiration, increased 
circulation. If t he increase in circulation is higher than the in­
cr eased protein synth esis, the case would correspond again to No. 2 
or No. 3, accumulation of intermediary products. 

Apart from the facts that Treub himself has pointed out , we 
may draw some arguments in his favour from the experiments of 
Stekelenburg (1931). 

Seedlings and buds are known for their very high activity; t hus 
naturally one would expect a high prussic acid oontent. It would 
be rather strange if those two would produce HCN and sugar for 
storage products. 'l'he facts seem to point rather in the other direc­
tion that an excess of sugar and HCN pwduced during high activity, 
meet and forcibly have to cmnbine to form the temporary glycoside. 

That darkening of the buds has no effect can be expected because 
these organs generally carry an excess of sugars and other nut rient 
substances, so that the lessening of photosynthesis will not affect 
them so much. I n Ptw1us lauTocerasus the darkening of the buds 
ha d a decreasing effect in Stekelenburg's experiments, so that all 
depends on the amount of r eseiTes they contain. 

The darkening effect on adult leaves is very marked, as can be 
expected, because they have very little reserves and are depen dent 
on direct photosynthesis. As Stekelenburg points out the decrease 
in the clark starts when all the st arch is used up, that means when 
the r espiratory energy goes clown. This is borne out by the experi­
ment where leaves are floating on 1 per cent. glueose solution. 'l'he 
sugar here is taken in, not for the purpose of storing it, but for 
respiration and Rynthesis. An exeess may yet be stored. But the 
abundance of sug'ar enhances reRpiration and thus the general activity 
of the plant. 

'l'hat the nitrates do not procluce an increase of HCN when 
offered to the leaves proves nothing. The leaves may contain an 
excess of nitrates already and offering t h em more will not help. 

All experiments of Stekelenburg tend to show that active photo­
Rynthesis is coupled ·with high prussic acid content , confirming thus 
other experiments on the same factors . 

Taking into accouut all facts, even those of Rosenthaler showing 
how widespread HCN produetion is in plants, we would feel inclined 
to grant the hypothesis of Treub, the title of a good working hypo­
thesis. 

This does not wholly do away with the possibility of creating 
prussie acid by other means, such as those described by the theory 
of Bach or shown by the experiments of Plummer (1904) who 
obtained prussie aeid by oxidation of albumins. Aslander (1928) has 
shown that cyanides decompose rapidly in the soil and he ascribe(! 
the action to micro-organisms. Emerson · [ qThoted from Cza pek 
(1922) J has di scovered that Baa. pyocyaneus digests proteins in an 
acid medium with the prod~ction of HCN. _. 
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VIII. EFFECT OF FREE PRUSS IC ACID ON THE PLANT. 

'fhe detrimental effect of prussic aci(l on t he re,;piration of an 
animal is \Yt>ll k n OIYll. It i:; eve1 so much more amazing that the 
abundance of that ar·id i 11 plants does not seem to he i11jurious to 
plan t rells. 

In conjunction 11·ith tlH' qnest iun of J't>:>pirahon and the effect 
of I-ICX, \Ye c;houl rl briefly li:'l'all i he i 11·0 theories " ·hirh have a 
be:ning 0 11 the ques ti on. · 

The theory of vV m·bu rg centres around the act i nt ti on of oxygen 
ll' hich to his mind is done "·ith iht> help of iron. The iron·, acconling 
to t l1is theory, in pa::;s ing from a lm,·er to a higher valency ·would 
be capable of procluci ng- peroxides of ever higher oxidising power. 
In t hi s theory the inactivation of respi1·ahon by HCK would he 
explainer] in assuming- an inactiYaiion of the iron (ferri-form) by t he 
pru ss ic acid. J£ it ,1·ere so, the plant rl oes 11ot sePm to suffer mur·h 
from such in:H· tivRtion, whereas t l1 e animnl is ];i lled ver _v rapirlly. 

Accord ing to the idea ot vVit>land, oxygen (lOeil not ueecl (o he 
ndintted. Hi,; t l1 eory centres a roun d the activation of hydrogen 
b1·ought about by dehydrogenation. Alth ough for tlw chel1l ist and 
''"ith respect to t h e end products, direct oxidRtion is t>qnivalellt to 
dehydrogenation, yet for th e organism they a1·e not the same because 
different means are needed to hring t hem about. However excellent 
the idea o£ deh ydrogenation may he, W ieland is nt a loss to explain 
the innctiva.tion of respiration by HCX. He tried to escape the 
difficulty by saying that prussic acid attacks the catalase and that 
t he organism thus suffers fro-m an excess of peroxirlt>s . The argument, 
h owever, is Yery ,,·eak. 

I u considering- the considerable quantities of p ru ,~i(' acid pro­
duced , one wonders \Yhy th e respiration of the plant is uot impRired. 
The sorghum" neYer seem to bt> fret> of t h e aci<l; if it i~ a lJRTt of 
t he ordinary mebbolism the plant organism can never he clev{)id of 
it. Some plant·s emi t t h C' ncid freely, they li1'e in an atmosphe re 
constan tly containin g· p nl;.;,.;ir :H·i rl , like .Y eu·wn olrondcr, and yrt 
rl o not set>m to su ffer . 

Yet a certain exce>Jf; nwy ;,till be harmful. Brinley (1927) has 
tested th e effect of HCN on li 1·ing rells. 'l'he acid seems to enter 
t he cell as a molecule anrl not as an ion, aHhongl1 in water it dis­
sociates to a slight degwe . The rate of 1·ecovel·y of J<)loclea cells after 
having been pl a(•erl in R dilute soluti on of Jl ('X iH a l inear relation. 
Th e toxicity of HCN to the root h air:=; of L1mno bimn. results in a 
uniform curve, suggesting a unimolecular readion . HCN seems to 
incr ease t h e permeability of t he ct>ll membrane. (Quoted from Biol. 
Abstracts 1930, No . 7279.) 

Hassebrauk (1928) h as tested t he effect of HCK on the maturity 
of seeds, among other plan ts also Dactylis .c;lomerata, anrl A11tlwxan­
t hum oclomtmn. The seeds were gassed with HCN and the effect 
proved favourable to after r ipening nnrl germination (quoted from 
Riol. Abstr acts 1929, No . 17940) 
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Boresch (1929) undertook experiments to test whether the pre­
sence of HCN was related to the dormancy of the buds and to the 
breaking of their rest periods. No broad relationship was found , 
but " yes " would answer the question better than "no " . (Quoted 
from Biol, Abstracts 1932, No. 6590.) 

Cotte (1914) has shown how different plants vary in their sensi­
tivity to HCN. This author tested Triticum, Tropaeolum minor and 
R -icinus cmnmunJs . For the experiment th e plants ''"ere kept in an 
a irtight compartment of 0 · 64 cubic meters . 'l'hese m·e his results: -

8 gr. HCN acting during- 1 hour: 'rriticum not affected . 
Ricinus not affected. 
'rropaeolum not affected . 

10 gr. HCN acting during 1 hour: 'l'riticum slightly affected 
but surviving. 

Ricinus slightly affected 
but surviving. 

'l'ra paeolmu no effect. 
16 gr. HCN acting during 1 hour: 'l'riticum strongly affected, 

some dead after 27 days. 
Ricinus strongly affected, 

some plants killed. 
Tropaeolmn slightly 

affected. 
25 gr. HCN acting during 1 hour: 'rriticum completely de­

stroyed. 
Ricinus completely de­

stroyed. 
Tropaeolum slightly 

affected but recovered. 
25 gl'. HCN acting during 2 hours: Triticum completely de­

stroyed. 
Ricinus rompletely de-

stroyed. 
Tropaeolum injured but 

survives and flowers . 
'l'ropaeolum shows thus a very high resistance tmnuds the effect 

of prussic acid. 'l'riti cum and Hicinus are less resistant but the 
doses they can stand are sti ll amazing. 

No correlation could be established between anthocyan and 
prussic acid. It seems, however, according to my own experiments, 
that those parts of the leaves oontaining anthoeyan produce more 
prussic acid than the green parts of the same leaf. The remarks of 
Henrici on this point are not f]1tite d ear. 

IX. PRUSSIC ACID IN GLYCOSIDIC OR NON GLYCOSIDIC 
FORM. 

vVillaman (1917) thinks that prussic acid exist s in a glycosidic; 
aucl a non-glycosidic form. Dowell (1919) contends that his experi­
ments clo not sho1Y the wesenee of the non-g-lycosidic HCN. But 
Willaman may be right with the restriction that the non-gl:vcosidic 
form cannot last Yery long and if there is enough sugar present the 
glycoside will be immediately created. 

121 



HYDROCYANIC. 'ACID IN GRASSES . 

Narasimha Acharya (1933) thinks that there are at least three 
forms in which prussic aci rl is present:-

1. " Free prussic acid " form ed by enzymic h ydrolysis of 
" labile " prussic acid, destroyed by 10 per cent. sulphuric 
acid and steaming. 

2. " Labile prussic acid " liberated hy simple steaming. 
Destroyed by 10 per cent. sulphuric acid. 

3. " Bound prussic acid ", liberated by enzymic action , 
destroyed by heating a nd 10 per cent. sulphuric acid. 

This is an inter esting point which \could deserve further inves­
tigation especially in view of ihro1Ying some lig'ht on the theories of 
prussic acid production as an i n termetliary stage of plant meta holism. 

The glycoside,; so fen isolated hom gr asses ar e amygdalin and 
dhurrin. (Dunstan anrl H enn· 1902.) 

Th e ch emical composit ion of clhnrrin is aR follOIYS: -

It will he useful to compare it with the \Yell knmYn amygdalin. 

H 

0-C-CN 
6 - c.~ H ... , o.o 

There is an extremely close resemblan ce hebYeen the .t " ·o S~lb­
stances. 'l'he m a in differ ence lies in the sugars, dhurrm bemg 
coupled with a monosacch ar icl while amygdalin is l inked up \Yith a 
disacch arid . Moreover, clhurrin possesses a h ydroxyl m para­
position. 

The effecb of ac ids, emulsm and alkali " Oil rlhurrin are the 
£oll01Ying : -

l. l-IyLholysi s by acids ancl emulsin: 

H 

OH -0-C +HCN +C6 H,,q 
II 
0 

'.2 . Hydrolyl:lis by a lkalis : 

producing dhurrinic acid and ammoma. 
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Considering the first fact, one would assume that HCl must 
forcibly increase the liberation of prussic acid. But as Swanson 
(1921) and the writer have found, the reverse is the case, HCl has an 
inhibiting influence \Yhen acting on the plant. 'l'his may be clue 
to an effeet on the fennent; the case needs some closer investigation. 
The influence of alkalis on the plant tends also to diminish the HCN. 
This may also be clue to a direct effect on the ferment which works 
at pH 4 · 6, or to the above hydrolysis by alkalis. 

Thus these two reactions need some more careful investigations, 
when considering the effect of the alkalinity in the paunch and the 
acicli ty in the stomach. 

J uclging from the link between the nitrile - CN and the rest 
of the molecule, one would 11; pnori admit that the ferment which is 
capable of splitting off HC from amygdalin ''"ill be capable of 
doing so also frmn dhurrin. This has been amply verified. Yet it 
should not be overlooked that the presence of the hydroxyl in 
rlhurrin may, under certain circumstances, render the action of 
emulsin difficult, if not impossible. 

The ferment that is capable o£ splitting amygdalin into its com­
ponents is the well-lmoYI·n emulsin. It should be recalled at this 
juncture that emulsin is by no means a pure ferment and is composed 
of a series of components \Yhich are difficult to isolate. Its first 
component is au amygclalase which splits the disaccharide (called 
amygdalose) intD glucose and d-benzalclehyde-cyanhyclrin-/)-glucoside ; 
the latter substanc-P is prunasin. The fi rst component of emulsin will 
not come into adion for dhurrin, because as stated it only possesses 
a monosaccharid aml could be called an oxy-prunasin. 

The second component of emulsin, a prunase, splits off glucose 
horn prunasin and will probably do the sm:ne for oxy-pnmasin with 
the restriction mentioned above. 

'l'he third phase of fermentatiDn is supposed to be performed by 
an oxynitrilase which would split off HCN from the cyanhydrin . 
'l'he question ho"· this oxynitrilase acts and Yl·hether it is a real 
ferment or not is not as yet settled, the reader will find a detailed 
di scussion of the question in Oppenheimer: " Die Fermente." 

The nature of the ferment present in the grasses ''"hich is capable 
of splitting dhurrin, has not received enough attention. Is this 
dhurrase in any ·way si milar to emulsin in that it is a mixture of 
prunase, o:s:ynitrilase and other ferments? If it were only an oxy­
nitrilase its ferment nature may be doubted on the same grounos as 
that of the same component of emulsin. Attempts should be made 
to isolate this ferment and investigate it in all fermentative 
activities. '!.'here is no doubt of the existence of this ferment. In 
most cases, to obtain HCN. the leaves need just to be crushecl or 
treated with chl{Jl·oform Yapour, so that ferment ancl glycoside m.ay 
diffuse and react. Dunstan and Henry (1902) say that provisionally 
the ferment o£ Sorghmrv ?iulgare can be ronsidered identical with 
emulsin. 
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X. PRUSSIC ACID AS AN ORGANIC COMPOUND. 

Prussic acid is a tautomeric substance which occLus in two forms. 

H-C=N and H - N C 

vVhen replacing· the hydrogen in these two isomers by orgamc 
radicals we obtain from the first, the nitriles, and from the second 
the isonitriles. 'l'he latter seem to be much nwre toxic than the 
former. 

The salts of the acid are generally a mixture of both isomers 
and are difficult to separate. 

By hydrolysis t he nitriles lead to an organic acid, H - COOH 
and the isonitriles to an amine R - NH2 • A mixture of these two 
!lerivatives of prussic acid has thus already an amphoteric character. 

We may possibly have a clue here to the second toxic substance 
which accompanies prussic acid, to which we have alluded, in the 
beginning. If prussic acid and its derivatives .are in some way linked 
up with the protein metabol1sm it is very likely that Loth nitriles 
and isonit riles will be produced. They have both been found in 
plants. One of them only seems to form the glycoside, Yiz. t he nitrile. 
The isonitriles mav thus form a series of toxic substances which are 
not all detected b"y our prussic acid tests. This point, therefore, 
deserves serious inYestigation. 

Some of the pr·operties of prussic acid may interest us here \Yith 
respect to precautions to be taken during extraction. 

An aqueous solution of HCN is unstable and leads to ammonium 
formate. 'l'he pure acid is rapidly decomposed by con!:entrated H Cl, 
with production of formic acid anrl ammonium chloride. 

The first fact shoulc1 be borne in mind when keeping a solution 
of l-ICK after extraction. The second is important with respect to 
the influence of I-ICl on the production of prussic aeid hy the plant. 
Although the concentration of HCl used in our investigations is 
very loiY, yet the decomposition of I-ICN may not be negligible. 
'I' he influence ·Of hydrochloric r:w i c1 on the prussic aeicl production 
Reems to be very complex. Although it is eapable of hydrolysing 
dhurrin, its probable influence on the ferment and its direct effects 
on prussic acid itself, deerease the produetion of liCK to a very 
large extent. · 

The salts of prussic acid undergo decomposition when boiled in 
an aqueous soluhon. 'l'hey produce a formate and ammonia. Thi s 
fact shoulil also be taken int·o consideration in all quantitative ex­
tractions. 

XI. EXPERIMENT'S. 

All investigations described below have been made with the help 
of Guignard paper. This paper is prepared as follows : -

5 gran1s of sodium carbonate and 0·5 gr. of picric acid 
are diAsolved in 100 c.c . of water. Strips -of filter paper are 
dippecl in this S·olution and then air dried. vVhen the strips 
are still damp they are introduced into a \Yell stoppered test 
tuhe . The test should always be made with a slightly damp 
paper. 
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'fhe above test is a qualitative r eaction and g·ives no information 
as to the origin and actu al q uantity of the HCN liberated. It may, 
however , be considered, to a certain extent, as a quantitative test 
when we observe the degree of darkening of the paper and t h e time 
i t takes t o reaeh a eertni11 sha de. 

(a) ExPERIMENTS ON Sorqlmm ?;erticilliflorwn. 

1. Leaves not erushetl + ehlm,oform-very rapi(l reaction, the 
G ui gnanl paper turns violet " ·ithin 7 minutes. 

2. Leaves not entshed withon t chlor oform- no sign of prussie aei.d 
even after 24 hours. 

These two experiment~ di,;tin ctly point to a £en11entative 
process an d sh ow th at in this ease , at that particular instant, 
all pr ussic acid was glycosi rlie. · 

3. Crushed l eaves, 11·ithout elllorofonu-paper turner1 m ore brown 
than Yiolet, but dm·kens just as much as Ko . 1, though slo,,·er. 

The crushing brings the glycosi(le an(l the ferment together. 

4. Crushed leaves+ HCl (0 ·1K HCl a(l r1 ea just to em·er t he 
crushed. lenves)- positive reaction but weaker than No. 3. 

At 39° C t here is an increase in t h e p1·oduction of HCK. 
Probably this temperature driYes out a certain amount '"hich 
was dissdved. 

This eonfinns the findi11gs of other authors on the inh i­
bitory effeet of HCl on the prnssic acicl procluetiou . 

o. Uncrush ed leaves+ HCl-(0 · 1~ HCl added just to coYer t lte 
leaYes)-no ~ign of prussic ac id after 24 hours. 

Heati ng i o :39° (toes not help. 
1'his is rather strange in vie1Y of the f a d that rlhurrin 

ea.n be hydrolyse(l by HCl. 

6. Base of stem (containing mnch anthoeyan) + chlorofonn-,;trong 
positive reaction wiihin 7 minutes. 

7. Base of stem ernshed, '"i thout chlorofmm-slight sign of prussic 
acid after 4 hours; stronger after 24 hours, but not as strong 
as No . 6 . 

The crushing in this cns(~ rloes not seem to hring t he 
g-lycoside ancl the ferment so intimately into con tact as chlot·o­
form .does by affecting the permeability . rrhe crushin g may 
bring about a series of reactions, " ·hich hamper the fermen­
tation of t he glyr:oside. 

8. Old stems+ eh lor oform-positivle but Yery weak e1·en after 24 
h ours . 

9. Runners+ ehloroform- posit ive hu t very weak eYen after 24 
hours . 

10. Runners cr ushed, withou t chloroform- positive hut very weak 
even after 24 hou rs. 
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11. Leav:e~ t hat h av-e been lying on the table for 1~ hours tested again 
With chloroform-Yery stron g reaction. 

12. Ha.y .-Six open t ubes containing fresh grass with Guignard 
paper (no chloroform) were introduced into a desiccator con­
taining H 2 SO,, conl' . 'l'his is a rapid hay produ ction. 1'he grass 
\Yas tested after 2 Jays. The Guignanl pape1· was only 
sh g ht ly t inted by escaping prussic acid. Thi~; shows that the 
process of dry·ing does not in all cases result in an emission 
of prussic a<;icl , altlJOug·h by trausformat ion of HC~ into other 
su bstances. it mny resu lt in a loss. 

T he tubes \Yere t ested by h eating to 52° C with the follow-
l ll g l iquids (leaves partly immersed) : -

(n) 1 tuhe cl r_,. g r.ass + dilute HCl- strong positiYe. 
(b) 1 tu be ch y grass+ dilute ammonia- str ong positiYe. 
(c) 1 tube dry g-rass+ rlistillecl " ·ater-st rong positive . 
T he h ay thus contains a consi<lerabl e amount of prussic 

a('id, t he liberation of which UIHler these parti cul ar conditions 
does not seem to be hau1perecl b:,· a ('id i i y m alkalinity . 

Hay from the same plnnt was 1·etested f> month s later, hut 
110 longer showed signs ,of prussie acid . 

(b) ExPERL\lENTS ON lt·ustachys ]JOspalrrides. 

Fou r tin s each containing a plant of Eus tachys paspalo·ides "·ere 
brought to my laboratory. The leaves were i mmeilia tely test ed and 
show eel strong production of prussic acid. Fou r days later there 
was no longer any sign of pruss ic acid. As t he plants had been 
transplante<l t hey were ,·ery >Yeak am1 probably used up thei1· pn.lssic 
aci<l in urgen t meta holism . 

T h e follo"· in g- t est s '"ere made on t h e grass :--

1.. Spikelet. 
(a) vVith chloroform- no sign of prussic acid. 
(b) vVithmli ehlorofOl'm- no sign of prussic ac i <1. 

2. Leaye,;. 
(a) \¥ith d llor-ofOl'm-shong production of prussic acid. 
(b) \ ¥ithout chloroform (21° C)- no sign of prussic acid. 

(c) 

Here again t.hen• ~eems to he no non-glycosidic pru:>,;ic 
acid. 

'l'he experimen ts with hig·her i emperatu1·es were made 
in t he follow ing \Yay: 'I'he grass bla<les \Hre cut to the 
length of () em. an<l introclueell into an 8 em. t est tube. At 
the bott om of the t ube 0 · 5 em. of '"ater \\·ere placetl and a 
Guignar d paper " ·as suspended insi<le by the h elp of t h e 
stopper. 'l'h is test tuhe " ·as then innnersecl in a \Yater ha th 
of the required temperature. 

\ iViilwui ('h lorofonn 45° C.-no sign of prussic acid after 2 
hours. The tubes were left oYernight at ordinary tempel·a­
hue . In t h e morn ing after 18 )Jours the paper was dark 
brown from t h e liberation ,of prussic acid. 
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(d) vVithou t ch lmoform at 70° C., Guignard paper turns brown 
after 5 min u tes. Th is h ig h temperature seem ,; to haYe much 
the same effect as chloroform on permeability. I£ t h e plants, 
having remained at 70° C. for some minutes, are tested witl1 
chloroform ut ordinary t em per ature, there is 110 production 
of prussic acid. Most probably t he ferme nt has heen killed 
at 70° C. 

(e) vVit hou t (:hlorofor m 69° C. 'rhis is probably t h e tempera­
ture of wilting gra,;s on a hot cl ay . The grass kept at 59° C. 
for 10 minutes sh o"·s a strong production of prussic acid. 
I£ the same gr ass is aga in tested at ordinary temperature 
with chloroform, th ere is no s ign of prussic acid. But afte1· 
16 hours t here is a slight recovery. The ferment still seems 
to be injured but not to the same extent as at 70° C. 

Stems. 

T est ed with ch loroform- no s1gn of ]Jl'U SSl c n c i d even after 48 
lwurs . 

A normal solution of IICl does not produce any prussic acid on 
unnushed leaYes afte1· 2 h ours at ordinary temperature. 

If old plan ts deYoid of IICN .are cut down and left to grow, the 
young l ea ves sho11· H CN again . 

The parts of t h e leaves cop_taining anthocyan shO\Y a stronge1· 
pro(htction of prussif' acid t han the pm·ely green parts of the same 
leaves. 

L eaves collected in the morn ing produce more HCK than those 
collected in t he aft ernoon. This con firm s the ohse rYations of many 
oth er i nvestigators. 

/lay P mduct ion.-Four tubes >Yith fresh leaves \Yere kept in n 
desiccatm· over sulphuric acid. A ship of Guignanl paper was 
introduced into each t ube . 'l'h8re was no sign of prussic acid during 
drying. The t ulles were kept 4 clays unde1· these cond itions. After 
that the follo" ·ing tests \Ye1·e made:-

l. The h ay was moistened and heated to 70° C. m a water 
batl1. Strong r eaction of prussic acid. 

2. 'l'he h ay plus 1. per cent . HCl .acid covering 1 em. of the 
base of t h e G em . leaYes l eft at ordinary tt>mperature. A 
sligM hu t very distinct arnount. of prussic a cid is pro­
duced within 24 hours . 

3. The hay plus ] per csnt . HCl ht> ~1t erl to 70° C. pr·oduces 
a slight amount of prussi c acid . 

Here w.t> have the inhibit ing effect of HCl agam m 
a very marl-::erl degree . 

4. H ay alone heated dry to 70° C. No sign of prussic acid. 
After a<lclition of a few drops of \Yate r at that tempera­
ture the Guign arcl paper i mmediately showed the reaction. 
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'l'he l eaves of E ·us /;ach y s paSJJalo·ides were squ ash ed in a 1nor tar 
and vou ndecl w ith saud in or der t v bre:tk them up. 'l'hey \\ e re t h en 
treated wit h st a n<lard a cetate p H 4·6 11·hieh is t lw optimum pH for 
elltulsiu. 

E mulsin ,,·as extr acie<l hom rlllll on rl . ..; . 

J. 'J'lte n u sh ed l ean:•:; + sbtncl ard a cet:de Jn a tp..;t tube shmYe d no 
..; [g n s of pnlRsi c a ei cl . 

2. 'J'he e1·ush e(l leave~ + stanchn<l a cPtate + <'~mubi n s howed s trong 
,;!gus of prussi c :H·id . 

The <>X J>erilll<m t ,,· i th <·m ul s io n j,.; often cle!'PptivP heca u,;e• 1 h e 
fpnnPn t j ,, ;I p:1 s t e• \Y lti('h ll OP:; not :1llo,,. the g a s to csc:qw ;;o Pa:oi l.c 

Crusl1 0d l e:1v t-,.; (wi t h-mil stan d a rd a!' eta tP) we rP t ested , ,·it lt l J Cl 
;ln<l p Pp ..;i n. Th i . ..; ll";l,c. m:td P t<, 1·ep roducP th e !'on ditions in the 
an imal ' :-; c; t·om :t t·h. 

l . ( ' ntsh Pd l P:t I' P~ ,,-[( h out c·h lorof orm-shoii·Prl ·' llo!;JlS of pnl ~~ l <' 
:w id after I() minu t·es . 

:2. Cntsh Pd lP <~ v e,; " itl1 cidor ofr u Ill-~ ( rong prorl ucho11 of pnussu· 
:t('id. 

:3. CrusbPrl l eui·Ps+ ] / 1000 H Cl (aci d ju;:;t coYer ing i h e le ~ne:;)-
11 0 sign of HC'~ :-~ t 18° C' ., h u t disti nct sign 3 ( 36° C. 

-!. Crush e rl 1!:':1\·es pl us 1 / 100() H Cl plus pepsi n- \\Pak ,.;ign :d 
] 8°, d i.-,tin d inr· i'(•::se :1t 36° C . 

A~ COlll pa re<l 11·it- h the procludi on ·of H CK umk r d1lorofonn, t lw 
pr odu ction of ;l('i cl untler pe]JSi n :-t n <l HCl i s 1wg-lig-ih l e . 'l' his i ~ 
a n oth er proof of t he inltihi tOl"y efi'Pd of HCl. 

An i llu sh-a t ion of the Y:1r ini ion i n the prns . ..;i c acid content on 
t wo c·onspc·uti.YP du .r,.; i,; gtY<'ll h,,· t he foll0 \1 ing- t~xp e1 · in1eni. Fin' 
]Jla nt .-; \Yen -• Px::n1ine cl :n ul ,.;lw ii·Pd the follo11·illg n•:1dion s : -

~ o . 1.- Ku s ig-11 of ITCX. 

~ 0. 2.-~ () s ig n o f J rc~ . 

~o . :J. - Sttong JH Odudiolt of Jl (':\"' . 
~o. -1-.-- W P:t \; p ro<l u ..t i-o 11 of JT<' :\"'. 
~o . ,-1 .- :-\ o s ign of I I ( '::\ . 

' \\yentv-fo tii ' ho11 l's b tPr t lw ,.; it u:d ion 11: 1 ~ a~ l'ollo11·;-; : ­

~o,.; . 1 , 2, :j a nd 4-. - \\-eal; proclt tdion of )ll'li S.'ii(" :wirl. 

~o . ,-1. - S i 1011 _g· pt odudion oF }11' \i ,.;sic ;l('irl. 

S o m e -of Ill \ . ob:oenati01 1~ (end to s l101Y tlt:d a !'olcl \Yiml ,,jlJ COII­

s iclPr:lhly l'P<l11C:f' (he jll'OCht dtOll o f' t h P :t cid . 

(r·) EXT II.I CTIOXS . 

'l'he follo1Ying· exp er illl r nts m ay sP rYe ;t.-; an illustra tiou ·of the 
c liffl (' ultie~ a n<l pitfa ll s in iltr ]Jrur·ess of ex tra cti on. 'l'l1 ey m ay ht> 
ltsef ul i n fut urr inYestiga ti on;; to :IYOirl soun·es of error . 
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E:cpe1·inuents on Sorghum verticilliflorum. 

Plants tested on their arrival with cblorofmm-positiVP, strong. 

1. Alcohol extract 95 per cent. plus a small amount of calcium 
carbonnte. 

Tested the extract by suspending a Guignard paper above it in 
~ test tube-

(a) cold-negative; 
(b) warm-negatiYe. 

Thus the 95 per cent. alcohol extract, although it contains both 
ferment and glycoside, will not allow of any liberation of HCN. 

2 . Evaporated alrohol ou '"ater bath (70° C.) and residue taken up 
with water. 

Test ,of the solution: ­
Cold.-K egatiYe. 
Warm, 61° C.-Positive. 

The method so far is safe and can be e1nployed '"ithout fearing 
:any loss of the acid by evaporation. 

3. Alcohol extract 42 · 5 per cent. plus calcium carbonate. 

'l'his extract was tested :-
(a) During extraction- strong production of HCN. 
(b) Cold after extraction-strong production of HCN. 
(c) Warmed again after 12 hours, G0° C.- strong production 

of HCN. 

Thus alcohol of a lower concentration is not at all safe for ex­
traction purpm;es, because the losses <luring the process are far too 
high. 

To obtain some infonnation about the influences of metals on 
the produetion of HCN the following experiment was made: -

100 c.c. of extract No. 3 'vas treated '"ith 50 c.c. 50 per 
cent. ammonium oxalate. 

The ammonium oxalate precipitates Fe, Mg and Ca. The treated 
solution was filtered and the filtrate examined. At 60° C. the 
Guignard test proves positive. 

The subsequent addition of 11'e804 , l\1gSO,, and CaCl2 makes no 
difference. MnS04 and AlC13 , however, have a distinct inhibitory 
effect . 

Purification with lead acetate ean be done in two ways. It can 
either be added to the alcohol extract No. ] or to the extract No. 2. 

In the first <·ase when lead acetate is added to the alcohol (95 
per eent.) extract, there is a positive Guignard reaction before filter­
ing. After filtering the filtrate shows but a weak sign of prussic 
acid. When filtrate and resiflue on the filter are brought together 
again, there is no reaction on Guignard paper. 
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It may he concludt:><l hom th i ~ expel"iment t hat lt>ad •~cetate 
brings don·n the ferment, ''" b icb being ('Once n tra ted n t the bottom 
of the flask 1·eacts strong·ly on t h e gl ;~·cosi<le for a short ,,·hile. But 
t h e preripitat ion being accompanied by <lenatmahon of the ferment , 
the fermentiYe action ~oon s top~. 

Thi,.; seems to he borne out b.1· t he .~econd experiment. \Vhell 
\ead acetate is added to ext rar·t So. 2 (11·ate1·) and lead is eliminate<] 
>Y ammonium OX<1late, the follmYing: results are obi ainerl :-

(1) At room temperature-
(11) filhate- negal11·e : 
(h) filtr<J te + e1uubi 11 - po,;itiw. 

(2) A t ():')° C.-

(11) filtrate- Uuigt1arcl posit in· hut \Yeak; 
( IJ ) emul si n alone- negati.Yt> . 
(c) filtrute+<•mub in- U11ign anl positive stron g . 

Th il:l sho\\· ,.; quite deudy that l ea r1 aeetn te p tt>c ipi t a tes the fer­
m ent. If the ferment is su b,;erruently 1·eplacetl by Pmulsin the 
positiYP 1·e~ult,.; are obtai ned again. 

'Th e experiments also rlPHtonstrate that both the fer111eut and the 
glycot>i<l B are ,.;oluble in alcohol , but that most probably the al cohol 
itself or another subsb nee eCJ nally sol uhle in alco ltol preYents them 
from reactin g . This may sen e a,; a basi~ for finding· an antidote 
for poisoned ani.1nals. Th e ;;uhshlllc:es '"hirh are dis,;olYe<l in 95 per 
cent. alcohol are fats, essent ial oils, phytosterines, phosphatides, fatt~· 
acids, glyco,;icles, resin,; , tannins. chlorophyll, et c . Some of the~e 
substances shoul<l he t e,;tecl hy veterin arian" t·o see whether t hey are 
of any usB under t he ronrlitions of the digestiYe system of the animal 
to preYent furthe1· libera tion of prussic acid. In all t hese experi­
ments on <mimnls there should he constantly boTne in mind thP 
stelfement mad e at the begin ning of this paper, tha t prus,;i.c ari el m a)· 
not he t h.e only tm;i c princi ple. \Y e should al so not fo rget t h at in 
the paunch ther e i;:; a ,;h·ong h:wteri.a.l nrti.on \VlJi('h ma.v inf'rease the 
prorhlCtion of HC'X. 

'l'he g-lyr.ositl e is n ot Yery soluble in ether. Thi ,; '"as shown h.'' 
the following experiment. T,iqnor Ko. 2 " ·ns shaken out with eth Pr 
a nd the two lif]uirls separatPd. 'J'he eil1 er 11·as l efi to e1·aporate and 
the resirlue 1<1 ken up " ·ith water. '!'his solui ion treuterl '"ith emulsin 
gave a fnint reaction. '['b e liquor whirb harl been ~>epa ratecl from 
the eth er "' <1 ~> freed fTom the latter and 'Yas teste<l \Yi th emulsin. 
The reartion p1·oyecl Yery strong'. 

I haYe onl y iriecl one arl sorhent in an enrl ea~vour to separate the 
glycosi<le from the ferment. Pohalumi.nium hyclroxicl t> .,·as u:'ed on 
the al rohol extrar·t·. The S()lution was filtered an<l the filtrate evapo­
rated and th en taken up "-it b n·ater. It proved positiw to Guig·n a n1 
paper shmYing that neither glyro~icle n or ferment was exh arterl to 
a n y noticeahlP extent. Moreover , the 11ol:valuminium h y droxi rle wheH 
arlClerl to thi ~ last l'olu t ion h ad an inh ihiting effect . 
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An acid water extract was also .made >Yith tap >ntter +HCl to 
make it 0·1 normaL The extract alone heated to G5° C. ~how~ strong 
production of prussic acid_ \Vhen this solution is heated with lead 
acetate it become:> strong·ly fluoreo>cent. The filtrate a]l(l thE' precipi­
tate bot b sho"· the :fJ uorescence . 

'rhe p1·ecip.itate \ \ 'Uf; separated from the filtrate 1>y filtration ancl 
t.he 1·esidue on filter tested >Yith emulsin which proYecl positiYe. 'rhe 
filtrate was al so testetl >Y.ith emulsin and pro,·ecl positiYe. This is 
good evidence th at the glycosid partly goes down with the lead 
precipitate and partly rt'mains in solution. This fact should he borne 
in mind "·hen lead acetute is used to clear an extract . It sho\YS 
that the method of Dunstan and H enry can not be ust'rl for 1·eliahle 
CJUantitative clett'nninations of the gl);CoRide. 

SUMMARY. 

The paper attempt:; to g·iye a synoptic and conshuct.iYe account 
of our present da.v knowle<lge on the problem of prussic acid in 
grasses and urges that the inYt'stigations should be maclt' in a more 
academic spirit. 

A list of 88 gTasse,; is contpiled inclicuting the author~ who haw 
dealt "·ith them and other points of interest. 

The methods of extraction are discussed to some extent and the 
<"!TOrs >Yhich may .occur in quantitative determination,; a1·p pointed 
out. 

In discu;;,;ing- the lethal r1ose tlle Yie" i;; expre .-;~e<l t l1<ti possibly 
another toxic substance beside,; ]H'Ussic ar·id may he inYoh ·ecl in the 
rapicl death of animals. A hint iR given how to w1·if)· i hat con­
ten tion, thE' im]lol'lant point being to fincl out ho" Jlluclt HCK is 
libeJnted in t he animal nll(t not how lllu ch is int.J·orlured. 

The question of antidotes is only hriefly refenerl lo. 

'rhe <li scnsRion of the external co n clition ;; leading I he pl,mt io 
toxicitv sh.OIYS clearh hmY dimate an(l soi l i ntedt're \Yii h i he meta­
bolism. of the plant .· Climate and soil , diurnal and i't'asoual Yaria­
tions and the effect .of "ilting are rliscu~;;e<l . 

The origin of prussic acid in the plant is still :w unsohecl 
problem. 'l'he most im11ortant Yi ews ·a11d theories of the past anrl 
present are reYie>nd ancl on that basis, th e theory ·of 'J'Teub is given 
the benefit of a good "·orking hypothesis. 

Numer,ous experiments sho"· the Yarious effect" of HCN on the 
plant and demonstrate what strong doses it is capablE' of standing. 

A discuss ion is clevotecl to the fermentation of clhurrin. 

In the chapter " prussic acid as an organic compouncl " the \ie>Y 
is expressed th at the second toxic subshmce referrerl to in the begin­
ning may possibly be an isonitrile \Yhich is much more toxic than 
the nitrile fmm producing glycosids. 

The au thor <lesc1·ibes some of his own experiment~ on E1tstuchys 
paspa.Zoides and Sor.r;hwn veJ'tic?'lli.florum.. 
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HCl has an inhibiting effect on pni<>sic acid production, so has 
marked alkalinity and also pepsin+ HCl. 

During hay production no prussic acid 
may be transformed into other substances. 
a considerable amount of prussic acid. 

escapes although some 
'rhe hay still contains 

Heating ihe grass to 59° C. (probable temperature of 
and 70° C. releases as much HCN as t he chloroform test. 

wilting) 

Extlactious m acle ""·ith 95 per cent. alcohol a1·e safe, no prussic 
acid escapes flming the process. 42·5 per cent. alcohol is not safe, 
t he acid escapee; (luring· extraction. 

Elimin<1tion >tn· iHljunl'Liou of Fe, )'[g <lnd Ca makes no difference , 
but Al antl M:11 bHve un inhibitory effect . 

Lead acetate precipitates ihe ferment \Yith (lenatm·ation. Lead 
acetate pintl)· also prer· ipitates the glycoside; a fad to be taken into 
account in quantiiatiYe te;;ts . 
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