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INTRO DtJCTI ON

This invest i gut ion arose from a study of the chemical  compos i t ion

of sal iva and the changes which occur when norma l sal ivary  sec re t ion

is altered by pharma co log ic al agents. The d e t er m i n at i o n  of amino  ~Ic ids

in physiolog ical fluids has prey ious I y been done by var ious  methods of

chromatograp hy.  in tereSt in our I aim rat o ry requ i red an am i no acid

as say which  was simple , rap id , hi ghly sens it lye • and Ut iii zed a non —

dedicated analvt i ca l  system . C l a s s i c a l l y , amino a c i d s  have becii ana-

lyzed by t Loll exchange chromatography in comb m a t  ioi t w i t h  post col umn

der iva t I zat ion hr n inh ydrin ( 1 ) .  W h i l e  t h i s  method has both the sensi -

t iv i  tv and resolution requm red for t he anal y s i s  of phvs iological samp les ,

the system is to ta l l y  dedicated to amino ac id ana lys is .  Batt  istont’ and

Burnt’ t t (2)  used t h in — layer ch roma tog raphv , unot her frequent 1 v used

techni que , for the ana lys is  of Sa l iva ry  amino ac id s .  However , their

results were more qua l i t  at ivt than qtniit t I t~it Ire. By der iva t  i ing the

ant m o  acids w i t h dun sy chloride prior to  ch roma og raph i c sepa rat ion on

po I yam ide sheets , Vu rga and Ri cia rds (3) we rt’ ab It ’ to titian t it ate am I no

acids in the picomole range.

P.k re recent Iv , dansylat ion of the amino acids prior to Separation

has been used in I iqu Id chromatography. In it l  a 1 1 iqil Id ch t’omatograph i c

separa t ions of dun syi am int’ ac ids uSed a pol rant ide eel untu which w as able

to separate 18 am 1110 ac ids  in  40 hours ( 4 )  . ruge ha rdt • As s haver , Neue

and Weigand (5) shortened the sepa ration time to approxin iately one hour

by us ing norma I phase high — speed liquid chromatog raphy. Howeve r , t his



technique required a two - ste p el Ut ion . The common prot e in anti no tic i d s

we re separated in 30 minutes by Bayer , Grom , Kaltenegger , and Uhmztnn

(6) , who employed a b iphas  ic system using gradient e I Ut ion in addi  ion

to a second column w ith an isocrat Ic solvent system . In addition , the

authors reported on reverse phase separation of dansyl amino acids

using gradient elut ion . Other  invest igators have used dan syl at ion in

combination w i th  reverse phase chromatography for the a n a l y s i s  of amilie

acids in physiological fluids (7— 9)  . However , t hese st udics did not

include the anal ys is of amine acids in sa l i va .

The techn ique described in t his report makes use of dans ! chloride

( l—d imeth yl —aminonapht halene— S—su l fonyl chloride) to convert free saI l  —

vary amino acids to t he i r  fluorescent den ~‘a t I ye ~ which are separated by

reverse phase hi gil pre s sure li quid chromatograph y (IIPIC) . Free am i no

acid d e t e r m i n a t i o n s  we re made on base l inc . p i loc arp ine—s t imula tc’d • and

atro p i n e — b l o c k e d  s a l i v a  samp l es co l l e c t ed  from cynomolgus monkeys.

SAMPLI~ 
(‘OLLF ( ’TION

For t he quant i tat ive determination of free amino acids • whole sal ira

secretion s were obta ined from five cynomo lgus monkeys. I~ac h monkey was

sedated w ith Sernal in (12 ntg phencyci idine/ kg I .M.) . Whol e sal ira was

col lected for 30 minutes to establish base line levels  (unst imulated)

Af ter the basel ine col lect ion . p i locarpine (1 mg) was administ ered sub - t
cut aneous lv and sat Iva was collected for 15 minutes (st imul at ed) af ter

allowing five minutes for the drug to take effect . This was followed

by the adm in 1st rat Ion of at rop inc (0. 1 mg) suhcut :tneous I y . Aft ci’ all ow —
ing ano ther f ive  m inu te s for the drug to take e ffect • sal iv a  was

collec ted for an addItional 15 minutes. Immedi at e l y f o l l o w i n g  c o l l e c t i o n ,

3
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the volume of saliva was measured to determine fl ow rate. In orde r

to remove part iculate matter , the saliva was centrifu ged at 1800 rpm

for 15 minutes. The sal iva was store d at -40C until anal y sis to

decrease the breakdown of sal ivary protein  to the free amino acids .

SAMPL1~ PRFPARAT I ON

The amino acid St andards and sal iva samples were prepared for IIPIC

a n a l y s i s  by a modification of Bongiovanni ‘s procedure for dansy lat ion (~
)

A react ion tube was prepared by adding 300 ~tI of 0. S N sodium bicarbonate

buf fer p11 9 to a test tube and evaporat ing to dryness at 120C in a heat —

ing block . An al iquot of sal ira (90 Ill) was added to the prev ious ly

prepared rt ’act ion tube in addition to 10 p1 of the internal standard

(0.2 pmoles/ml norval m e )  and 100 p1 of 5 % 1i~A. (Note: Orig inally,

samples were deprot e in i ~ed wit h 5% WA pr or to the add it ion to t he

reaction tube ; since very l i t t le  protein precip i tated , t his step wa s

omit ted  in subsequent analysis . The necessi ty of t he WA in the r e ac t i on

tube other than to par t i a l l y n e u t r a l i z e  excess  buf fe r , has not been deter-

mined.) The react ion tube WaS vortexe d and 200 p1 of dansyl c h l or i d e

(1.5 mg/mI acetone) added . The reaction was carried out for one hour at

55C . The dansylated mixture was evaporated to dryness under a stream

of nitrogen and reconstituted wi th  I ml of methanol. The samp l e  was

filtered on a (L45p Fluoropore filter to remove the undisso lved su i ts

and protein.

cIIROMATOCRAPHY

A 50 p1 al i quot of the derivat ized sample was injected into the

IIPLC (Waters Associates , Mode l 244 with So l vent Programmer) equipped

4
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w i t h  a fi  uo rome t e r (Fa rrand Opt i a I t o .  • ~k’de I A - 4 ) . The anti no a c t

we re separated on two pBonda pak C reverse phase columns ( 3t~ cm x 4 mm) I 
-

(Waters As s o c i a t e s l  in conibinat %on w i t h  an tlItS guard column ( cm x mm1

(Whatmun Inc .) . The sot vent sv~~t em cot i c  I st ed of (~ I N sodium a c e t a t e

huft’er p11 . S In pump \ and aceton it r i l e  ( I I V grade . t iurdick and .lac~ ~on

in pump t~ • A linear gradient cii i’ve ~e . t~ on the set ~cn t prog t-a~nie

was progr mmcd fro m IS $5 ace t on i t  rile  ‘.odium .icet a te  to  .1 ~ ~~~• . tcet  o —

- I n i t  r i l e  ~od i inn ace t a t e  ove r  a ‘)t l in i nut e pe i’i od w i t  ii a I I ow rat e of

1.3 m l rn i nut e • a l l  owing st i f f i  c ient  t i m e  for t he  ci itt t on o f  t v io’~ inc .

The dan cv I ated amin e  at’ i Js w e r e  d e t e c t e d  at ~~~ urn us ing (~ . (~ 1

Ab sorbance tin it s  Fiti I S c a l e  (AI IFS) . Fluorescence w a s  det em m e d  us ing

3c~0 nnt cxc i t  at ion wavel ength and a .1$0 lint cut ot ’f I il t et’ ~, ~

RFSII1 US A\P 111 SCIISS lox

The chrema t ogram of the dansvl at ed amino .ic id St at idards is show n in

Figure l • The amino acid peaks are l i s t e d  in I.ti’ Ic 1 a long w i t  It tlit’ i i

chit ion t intes. I v s i i t e  (11$) w as not inc luded in the standa rd m ix tu re

hut i t s  ci itt ion orde t’ h a ;  beeti no ted  on t h e  cli rena t og rum aim ~I it s e 1 ut t on

time is l i s t e d  in Table 1 . Each amine ac id  peak w as (dent t f led by

spiking the standa rd mix tu re  w i t h  t he individual dansy I at ed amino ac ids .

Ilansvl hydroxide , wh (cit e lu tes  at 14 m inu tes  and dans’ I amide 
* 

whic h

elutes at 54 minutes , are not labeled on the chronnitogram. lii t i lts  st u~t~ ,

norva l i n e  was used as an I nt  e rita I standard and was  included in the sample

blank i I l u s t  r a t e l  in Figure _‘. The b l a n k  co t ita ined  a peak chit lug w i t h

a retent Ion time very i’ lost ’ or the same as the ret cut ton t ime of l’tmeim~’ 1

alan Inc ‘ IC~
) . Fortunate lv • the peak height and or peak area  t’t’ma ins

S
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constant when equa l concentrat ion s of dansyl chloride are used during

the der ivat izat ion procedure . The standard curve for phenyla lanine

is shown in Figure 3. As expected, the standard curve does not pass

through zero but does remain linear according to the linear regression

equation y = 2 .9x + 0.9. However , caution should be emphasized in

quantitating pheny lalanine at lowe r concentrations (less than 0.05 pmoles/

ml) with this techni que . Low concentrations can be quan tit ated by

el imina t ing the interfering peak. This can be accomp lished by ext racting

the dansyla ted blank , standards , and samp les with n -heptane (10) or by

chang ing the solvent system . Using 1% acetic acid with acetonitrile

will shift the phenylalanine away from the interferin g peak allowing

quan titation at lower concentrations.

The separation of salivary amino acids by HPLC produced chromato-

grams which had major peaks tha t could be iden ti fied by comparison to

known standards . The amino acids tentativel y identified were : aspartic

ac id, glutamic acid , serine , glycine , alanine , proline , t ryptop han ,

phenyla lan ine , cys t ine/cys teine , lys inc , and tyrosine. A representat ive tj
chromatogram of a baseline saliva is shown in Figure 4.

The amino acids identified in the cynomolgus monkey saliva have

beer repor ted in ei ther st imu la ted or uns t imula ted human sal iva ( 11, 12).

The expectation prior to this experiment was that some correlation for

free amino acids would he shown between humans and the cynomolgus monkey

because of the phylogenetic approximation . Two factors should be con-

sidered when making a comparison . First , the assumption made is that

these values are unstimulated. However, as can be no ted in Table 2,

monkey #241 showed extremely high flow rates and considerable variation

6
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in basel ine samples . This variation from the norm suggests some stimu-

lation present in the basel ine specimen in spit e of consis ten t resul ts

with the remaining animals (Table 2, top) .

A second fac tor is the phannacological effect of the anesthesia on

the sal ivary gland secre tion . The effect of phencyc l id ine upon this

physiol ogy ha s no t been studied , however , consider ing  the consis t en cy of

the val ues ob ta ined , it was felt that the anesthes ia e ffe ct was simil ar

in both the stimulated and unstimulated animals.

The amino acid profiles found in the sal iva samp les col lected after

the administration of atropine were qualitatively similar to the amino

acId prof iles of the basel in e and stimul a ted sal iva samp les.

In this study, on ly seven am ino ac ids were quan tit ated in the sal iva .

Us ing no rval ine as an in tern a l standard , the amino acid concentrations

were determined by comparing the peakh eightsof the samples to known

standards. The concentrations of g l y cine , alan ine , and lysine in base-

line monkey sal iva we re similar to the values reported for unstimulated

L 

human sal iva (Table 3~ . On the other ha nd , pheny la l an ine  and tyrosine Ii
were considerably hi gher (10 X) in concent ra tion in monkey sa l iva  than ki
in human sal iva . Initial ly, the high lev els of phenyla lan ine and tyrosine

were questioned. However, bo th amino acids were high in concen tra t ion

and it was felt that the values obtained were real . This acceptance was

due to two fac ts:

1. The two amino acids are very similar in structure .

2. The two structures are found in the same metabolic pathway .

In add iti on , the concentration of tyrosine obtained from the atropine

7
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sample was similar to the value reported for uns timula ted human saliva .

It is interest ing to note that the pilocarpine st imulation of monkey

saliva shows an amino acid concentration response different from that

reported for wax stimulation of human saliva . Lysine was the only

amino acid to have the same response to pi loc arp ine and wax stimulation .

Of the seven amino acids quantit ated , five returned to baseline when

the antidote was administered. After antidote administration , phenyl-

alanine and tyrosine cont inued to decrease in concentration and to

approach the concentrations reported for these two amino acids in

unstimulated human saliva.

SUMMARY

This report describes the application of IIPLC in the analysis of

salivary amino acids using precolumn derivatization with dansyl chloride .

The derivatization procedure allowed dansylation without prior deproteiniza-

tion and subsequent extraction into methanol . The use of the fluorescent

derivative increases the sensitivity of this techn ique over the classical

cati on exchange chromatography technique using ninhydrin reagent . The

chroma tography of these salivary amino acids demonstrated both identi-.

fiable as well as unidentifiable peaks. Of the eleven amino acids identi-

fied , seven were quan tified. All eleven of the identified amino acids

have also been reported in human saliva by use of cation exchange chroma-

tography. The amino acid levels found in baseline monkey saliva are

quantitat ively similar to the levels found in unstimulated human saliva.

However, the response of the monkeys to p ilocarpinc demons trated quanti-

tative differences in salivary amino acid levels from the levels observed
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in human salivary specimens after wax stimulation . After administra-

tion of atropine sulfa te (an t idote) only f ive of the am ino ac id levels

in monkey saliva returned to baseline.
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FIG. 1. HPLC chromatogram of amino acid standards with key to

stand ards in Table I .  Columns:  two pRondapak C 18;

eluent: acetonitri le /0.1 M sodium acetate phI 7.5; 90

m m .  l inear gradient : 15/85 to 45/55 , acetonitrile/sodium

acetate flow rate: 1.3 mi/mm .

FIG. 2. IIPLC chromatogram of the sample blank which included the

internal standard Norvaline . Columns: two pBondapak C18 ;

eluent: aceton itrilc /0.1 M sodium acetate phI 7.5; 90

mm . linear gradient: 15/85 to 45/55, acetonitrile/sodium

acetate;  flow rate: 1.3 mI/ m m .

FIG . 3. Standard curve of phenylalanine. The relative fluorescence

is equa l to the peak height of the phenylalanine divided by

the peak height of the internal standard .

FIG . 4 . IIPLC chromatogram of t he amino acids in baseline monkey

sal iva . Columns: two jiBondapak C 18 ; eluent: acetonitri le

/0.1 M sodium acetate phI 7.5; 90 m m .  linear gradient : 15/85

to 45/55, acetonitrile/sodium acetate; flow rate: 1.3 mi/mm .

FIG. 5. See text for details. HPLC chromatogram of the amino acids

in pilocarpine stimulated saliva. Columns: two pRondapak C 18;

oluent: acetonitri le /0.1 M sodium acetate phI 7.5; 90 mi

l inear  grad ien t : 15/ 85 to 45/ 55 , acetonitrile/sodium acetate;

flow rate: 1.3 ml/min .

11
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TABLE I

Amino Acid Standards

Standard Rt’tent ~on
Nun~ et’ Ami no Acid T urn ’  (mm .)

1. Asp artic Ac Id 10.50

2. Glutamic Acid 11.78

3. Hist idlne 1k) . 13

• 4. Sen ne .
‘
.
‘
. ~l0

5. Thr t ’oni ne $4 .8~

6. Glyci ne $6 .16

7. Alanine $7 .61

8. Arginine $8. $ 1

9. Pnoline 31. 3$

10. Val inc 35. 5t~

11. Norva line

12 . Meth lonine 38. ‘4

13. Isoh’uclne 42 . 3.’

14. Leucine 43.3. ’

15. Tryptophan 48 .1’

16. Phenylalanine 51.40

17. Cyst lnc and Cys t t ’ i n ’  12.73

18. Lysint ’ 73.~)8

19. Tyros ine 87.0 1

17
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TABLE 1

Salivary Flow Rates (mi/nu n)

Monkey No. Baseline Pilocarpine Atropine

703 0.13 1.07 0 . 17

706 0.26 1.67 0.17

702 0.09 1.30 0.16

709 0.02 1.65 0.18

A-98 0.02 1.22 0.15

Mean 0.10 1.38 0.17

241 1.23 1.27 0.19

241 0.42 1.32 0.63

241 0.30 1.69 0.40

Mean 0.65 1.43 0.41 
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