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Abstract-Compatrble solutes were assessed for thetr hydroxyl radical scavenging activtty by then abrhty to compete 
m two different hydroxyl radical generating and detectmg systems Hydroxyl radicals were generated by 
ascorbate-hydrogen peroxide or by xanthme oxtdase-hypoxanthine-hydrogen peroxide They were detected by 
hydroxylation of sahcylate or by denaturatton of malate dehydrogenase. Of the compatible solutes tested, sorbttol, 
mannitol, myo-inositol and prohne were effecttve hydroxyl radical scavengers. Glycinebetame was ineffecttve. The role 
of compatible solutes as hydroxyl radical scavengers rn uiuo IS discussed. 

INTRODUCTION 

Compatrble solutes are a group of compounds defined by 
their relatively mocuous effect on metabolism at high 
concentratrons. These solutes accumulate m plant cells m 
response to a number of stresses and have been mainly 
studted for then role in the osmottc adjustment of plants 
subject to salinity and drought They may act as cytoplas- 
mtc osmotrca which can be accumulated to high concen- 
trations without effect on metabohsm [l] The com- 
patible solutes are drawn from several classes of com- 
pound and the type accumulated IS closely related to the 
taxonomrc position ofa species The major types are: (I) 
proiine; (irj betames (mainly gfycmebetame) and(mj sugar 
alcohols (polyols), mamly manmtol, sorbttol and pmitol 

C1-41. 
Apart from then role as cytoplasmtc osmotica, there 

have been suggestions that these compounds also have 
other beneficial propertres m plants suffering from 
osmottc stress and water stress In uttro studres have 
shown that they can retard thermal denaturatron of 
enzymes [S, 63, protect protems from polyethylene glycol- 
induced precrprtatton [7], stabthze membranes [S] and 
protect enzymes against some forms of chemical dena- 
turation [9]. The extent to whrch compatrble solutes have 
these roles in UIUO, m addmon to their role as osmotrca, is 
not clear. 

The observatron that manmtof IS frequently used by 
chemists as a scavenger of hydroxyl radrcals [lo] pro- 
mpted us to examme the capacity of other compatible 
solutes to scavenge hydroxyl radicals Hydroxyl radicals 
are highly reactive and therefore potentially damaging to 
cells, m particufar by mlttatmg hpid peroxrdatron [it J ft 
has been suggested that increased generation of hydroxyl 
radicals m damaged tissue eh’ctts phytoafexm synthesis 
[12]. In plants, superoxtde and hydrogen peroxide are 
generated m rllummated chloroplasts and rt is likely that 
hydroxyl radicals are also formed [ 131 In normal crr- 
cumstances, concentrations of these oxygen radicals are 
likely to remain low because of the actrvtty of protective 
enzymes mcludmg superoxide drsmutase, catalase and 
ascorbate peroxrdase [13, 141 Water stress causes an 

increase m hpid peroxrdatron and an accumulatron of the 
antioxidant a-tocopherol in grasses [15] and also mcreas- 
es the activity of enzymes of the hydrogen peroxide 
detoxrfymg system in chloroplasts [16] This suggests 
that there ts increased generation of oxygen radicals 
under these condmons. Since compatrble solutes also 
accumulate m droughted plants, then abrhty to scavenge 
hydroxyl radicals ts of interest 

RESULTS 

The hydroxyl radtcar scavenging actrvtty of a range of 
sofutes was assessed by ahowmg them to compete m two 
different types of hydroxyl radical generating and detec- 
tmg systems In the first system they were generated by a 
mixture of ascorbate, hydrogen peroxide and Iron, and 
detected by then abihty to hydroxylate sahcyhc acid [17] 
In the second system they were generated by hypoxan- 
thine, xanthme oxtdase and hydrogen peroxide [ 171 and 
detected by the denaturatton of malate dehydrogenase 

The abihty of compatible solutes to compete wrth 
salrcylate for hydroxyl radicals generated by the ascorb- 
ate system is shown m Fig. 1. A reductton m hydrox- 
ylatron indicates effective competttion for hydroxyl rad- 
icals As concentrations of prohne, manmtol, sorbitol and 
myo-inosttol (used as an analogue of commercrally un- 
obtamabie pmitof which IS a methyiated derrvatrve of 
myo-mosttol) Increased, their hydroxyl radical scaveng- 
mg activity increased. Glycme betame, m contrast, was 
meffectrve A wider range of solutes, including some non- 
compatible solutes which also accumulate in plants, were 
examined at a fixed concentration (‘Iaabfe ij Sucrose and 
the polyols were the most effective scavengers, followed 
by y-ammobutyrtc actd, gfutamine and profme. Giycme, 
as well as glycmebetame, was ineffective Asparagme and 
glutamate were tested but interfered with the hydroxyl 
radical generating system 

To confirm these results, the solutes were tested with 
the xanthine oxidase-malate dehydrogenase system. The 
rate of denaturatton of malate dehydrogenase was m- 
creased by xanthme oxrdase-dependent hydroxyl radical 
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Fig. 1 The effect of various metabohtes on sahcylate hydrox- 
ylatron by hydroxyl radtcals Hydroxyl radrcals were generated 
by the ascorbate system (a) 0 Prohne, (C: glycme betame (b) A 

Sorbitol. Cl manmtol, n myo-moartol 

generatton (Fig 24 Addttton of prolme both decreased 
the rate of denaturatton m the absence of hydroxyl 
radtcals and removed the effect of hydroxyl radtcals (Ftg 
2b) The compattble solutes and asparagme were com- 
pared using thts system (Table 2) Malate dehydrogenase 
acttvtty after mcubatton wtth or wtthout the solutes and 
wrth or wrthout xanthme oxtdase (hydroxyl radtcals) was 
compared To allow for the stabthzmg effect of the 
compattble solutes on malate dehydrogenase, a scaveng- 
mg index was calculated (Table 2) Myo-mosttol. sorbttol, 
manmtol and prohne protected the enzyme from den- 
aturatron by hydroxyl radrcals, whtle glycme betame and 
asparagme were meffecttve None of the solutes Interfered 
wtth the xanthme oxtdase reactton The relattve effectrvc- 
ness of the compattble solutes as hydroxyl radtcal scaven- 
gers was very stmrlar m both assdy systems 

Among the compattble solutes examined, sorbttol, 
manmtol, myo-mosttol (pmttol analogue) and prolme 
were effecttve scavengers of hydroxyl rddtcals Glycme- 
betame, however, was meffectrve Non-compatrble solutes 

Table 1 The effect of varrous met‘tbohtes on sahcylate hydrox- 

ylatron by hydroxyl radtcals 
-____-__ _______ 

A 51" i sd % 
Control + metabohte control 

Sucrose 1 56 & 004 0 04 * 0 0 1 25 

Glycerol 1 90 2 006 055 i 006 2x 

Myo-mosttol 171 *005 0 72 & 0 02 42 

Manmtol 152~OlX 0 69 i: 0 04 45 

Sorbttol 136 * 040 061 & 003 55 

GABA 1 56 & 004 0 92 _+ 0 04 59 

Glutamme 1 56 5 004 105 + 007 68 

Prohne 1 16 + 008 0 92 2 0 05 79 

Glycme 156 ;t 004 I 40 2 0 IO 90 
Glycmebetame I 10 & 002 107 k 009 97 

- 

Hydroxyl radtcala were generated by the ascorbate system and 

metabohtes were added at I6 mM Absorbance values mdrcate 

sahcylate hydroxylatron 
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Frg 2 The effect of prohne on malate dehydrogenase (MDH) 

macttvatton by hydroxyl radtcals Hydroxyl radtcals were gener- 

ated by the xanthme oxtdase system (a) fndcttvatmn of MDH 

by hydroxyl radrcals- n control. j I hydroxyl radrcals generated 

by xanthme oxrdase (b) Effect of prolme on MDH macttvatton 

by hydroxyl radtcalss n prolme (33 mM), ; hydroxyl radrcais 

generated by xanthme oxrd,r\e + prolme (33 mM) 



Hydroxyl radical scavengmg activity 

Table 2 The effect of various metabohtes on malate dehydrogenase (MDH) mactivatlon by 

hydroxyl radicals 
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Control + xanthme oxldase 

No metabohte + metabohte No metabohte + metabohte Scavengmg 

(a) (b) (c) (d) mdex 

Myo-mositol 650 + 18 660 f 0 261 + 16 536 k 4 5 32 

Sorbltol 584 5 34 661 + 35 266 + 23 530+ 9 505 

Manmtol 1002 + 34 1061 + 35 592 k 47 841 + 17 483 

Prohne 1002 * 34 1090 + 17 592 + 47 804 + 29 403 
Glycmebetame 648 f 11 701 * 34 344 + 13 361 k 53 106 

Asparagme 650 -i_ 18 425 + II 261 k 16 144 + 18 0.90 

Hydroxyl radicals were generated m the xanthme oxidase system and metabohtes were added 

at 33 mM Values m the table are MDH activity (arbitrary units) + s d The scavenging mdex 

h(a-c) 
IS-- A value of 1 mdlcates no effect of added metabohte and values of > 1 m&ate effective 

a(b-d) 
competition for hydroxyl radicals 

such as sucrose, glutamme and y-ammobutyrlc acid were 
also able to scavenge hydroxyl radicals The products of 
reactlons between compatible solutes and hydroxyl rad- 
icals were not consldered, but hydroxyprolme could be 
formed from prohne [18] 

The results show that all the compatible solutes except 
glycme betame could, m prmclple, protect cells agamst 
internally generated hydroxyl radicals A slmllar role has 
been suggested for flavonolds [ 191 Further experiments 
are needed to determine the extent to which compatible 
solutes could have this role VI DWO m plants under 
condltlons of drought (see lntroductlon) or low tempera- 
ture. Low temperature as well as drought can cause 
prohne accumulation [20] and plants could be subject to 
oxldatlve damage under these condltlons [21] If It 1s to 
be postulated that hydroxyl radical scavenging ablhty has 
been one of the selectlon pressures over evolutionary time 
for the type of solute accumulated, why 1s glycmebetame, 
a maJor compatible solute, ineffective? The simplest ex- 
ptanatlon 1s that the scavenging ablhty 1s mcldental and 
physlologlcally unimportant. An alternative, and tenta- 
tive, explanation can be based on the observation that 
those species which accumulate glycmebetame will also 
accumulate prohne, for example wheat, barley [22, 231 
and a number of halophytes [2], particularly if they are 
subject to rapid or severe osmotic stress. The same 
appears to be true of some members of the Chenopodla- 
ceae which are otherwise exclusively betame accumu- 
lators [24]. Proline could perhaps provide extra pro- 
tection to these plants since a rapld stress to which there 1s 
no time for adaptive response could lead to oxygen 
radical damage These conclusions are necessarily specul- 
ative but merit further mvestlgatlon 

EXPERIMENTAL 

Two methods were used for generating and detectmg hydroxyl 

radicals The hydroxyl scavenging activity of solutes was deter- 

mined by addmg them to a generating/detecting system and 

observing their competition with the detector In the first system, 

hydroxyl radtcals were generated from ascorbate and detected 

by their abrhty to hydroxylate sahcyhc acid [17] The reaction 
rnlxture contained, m a total vol of 3 cm3, 150 mM K-I? buffer, 

pH 7 4, 0 26 mM ascorbic acid, 0 15 mM Fe EDTA, 0 6 mM 

H,O,, 2 mM Na sahcylate and varying concns of test solutes 

After mcubatlon for 100 mm at 25”, hydroxylated sahcylate was 

measured by the method of ref 1171 In the second system, also 

based on the method of ref (17), hydroxyl radicals were gener- 

ated by xanthme oxldase and hypoxanthme and detected by 

their abihty to denature malate dehydrogenase The reaction 

mixture contained, m a total vol of 3 cm3, I50 mM K-PI buffer, 

0 24 mM hypoxanthme, 0 6 mM H,O,, 0 15 mM Fe EDTA, 0 1 

units malate dehydrogenase (Bovine Heart, Sigma The reaction 

was started by 042 umta xanthme oxldase (Sigma) Xanthme 

oxldase was omitted from control mcubations m which no 

hydroxyl radicals were generated After incubation at 25” for a 

set time interval (see mdlvldual expcnments), a 0 I cm3 ahquot 
was taken for assay of malate dehydrogenase activity The MDH 

assay mixture contained, m a total vol of 3 cm3, 50 mM K-PI 

buffer, pH 7.5, 0 I mM oxaloacetate and 0 1 mM NADH The 

rate of NADH oxldatlon was monitored at 340 nm 

Prehmmary experiments indicated that the compatible solutes 

did not interact with superoxide radicals 
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