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Although there is eüdence for reduced fertility in Andean and Himalayan populations at higher

altitudes, factors other than hypoxia may be primarily responsible. A potential§ valuable

approach in the investigation of these fertiüty determinants is the use of salivary steroid assays.

However, coca-leaf ehewinga ubiquitous practice amonghigh altitude Andean populations-has

negative consequences for the acsurate measurement of ovarian steroids.

Ttris report evaluates the effests of coca-leaf chewing on assays of ealivary progesterone. Study

participante include naive and habitual users of coca-leaf fmm La Paz and El Alto, Bolivia.

Approximately 300 saliva samples were collected immeüately before, dnring, and after coca-leaf

chewing. Ttre series includes samples with and without the alkaloid enhancer typically used by

coca-leaf chewers. On the basis of this study, an appropriate protocol is developed for the

collection of salivary samples in coca-leaf chewing populations. Ttrese reeults highliglrt the

necessity of establishing suitable collection procedures before full field implementaüon of saliva

sampling.

ABSTRACT



There is evidence for reduced fertility in Andean and Himalayan popr¡lations at higher altih¡des

compared to their counterparts at lower elevations (James 1966; Baker and Ilutt 1972; Abelson eú

al. L974:, Hoff and Abelson 1976; Gupta 1980), and it appeam that conditions at high altihrde

have a direct and negative bearing on at least some aspects of reproductive fu¡rction (Cleeg and

Ha¡rison 1971;Abelson 1976; Heath and Williams 1981). For example, a delay in menarüe and

a greater incidence of dysmenorrhea and irregular menses are reportcd among wonen fui these

settings (Dona¡rre 1966). However, factors other than hypoxia may underlie the apparently

Iowered feourdity. Poor nutrition, inadequate health care, later age at first marriage, and infant

feeding practices are all implicateil (cll De Jong 1970; Sleitz et al. Lg78; Dutt 1980; Coldstein eú

ol. 1983, 19&4a,b; Abeleon 1984; Hoff 1984; Ibshiwazaki et 4L 1988; Vit¿thum 1988, 1989).

Becanse it is ükely t}nat ceverol int¿racting determinants contribute to lowered fertiüty in high

dtih¡de populations, the controversy regarding cause and mechanism continues. Moreover, the

extent to whiel¡ h¡ryoxic conditions affect, ornrlatory fr¡nction in humanrpartianlarly those with
lifelong residence at high altih¡d*remains uriknown.

The measur,ement of progpsterone in human saliva Glligon 1988) can assiet in r,esolving this

debate. Ihe technique allows an assessment of reproductive fi¡nction that is irnpossible to obtsin

through interviews, and the non-invasive, non-üsruptive methodolo¡¡l is suit¡ble to typical üeld

conütions. However, coca-leaf chewing-a ubiquitous practice among hiih altihale Andean

populations-is ükely to prevent the acctrrate measu¡ement of ovarian steroids in saliva if
appropriate precautions are not t¡ken during sample collection.

Ttris report er¡aluates thomagnitude and dr¡ration of coca-leaf contamination on assays of

salivary prrogesterone by conducting two experiment* Ttre first oompareE progesterone readings

for saliva aamples taken immedirately before and aftpr e.hewing; the second collects sequentiral

samples twice while üewing and every 15 minutes for two hours aft¿r the cessation of chewing.

Sh¡dy participants comprise naive and habitual users of coca-leaf from El Alto and La Paz,

Bolivi¿ Samples with anrl without llípta, tl¡e ¡lkaloid enhancer ü¡pücally used by coca-leaf

chewers, are included. On the basis of these findings, appropriate protocols for salivary sample

collection in populations knowri to chew coca-leaf a¡e proposed.

MATERIALS andMEIEODS

II{TRODUCTION

These pmcedures are based on Ellison (1988) and Lipson and Ellison (1989).

Coltxtüm Tttbes: Sdir¡a was coll€cteil in polf'eüyrene plasüc test hües preÉeated with soür¡m

azide (a bacteriocide, -0.1% concentration) as a preserrrrative.
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Sttmulatbn of Salioo Muction' Proven prromoters.-either olfactory (drocolate, gum, or ooca

Iear¡ee are sniffed) or üquid (fir¡e drops of cihic acid solution placeil on the tongue and gently

swilled in the mouth)-were r¡sed to enha¡rce saliva production.

Storuge: After collection, sample tubes were tightly capped and kept at ambient temperature for

4 months r¡ntil ¡eceived in the Laboratory, then subsequentlyfrozen until assayed.

Lahcúultory AnalXea: Samples were assayed in the Bepnoductive Ecologsr l¡boratory at H.anard

University r¡nder the ürection of Peter Elüson Uy aethoite preüously described (Ellison 1988).

Interassay va¡iabiliüy for a meüu"' and low pool averaged 12.6% and 16.8% respectively.

Intraassay variability averaged L8.8%, and the sensitivity limit of the assay was less than 15

pmoUl AII samples from a given inüvidr¡al were run in the same assay to minimize the effects

of interassay variability.

Prc.tplledior Ptotwl:
1. Prior to initisl collection, r.efrain fmm coca-leaf chewing for at least 2 hours; from food, drirü

(except water), tooth brushing, and exertion for at least 80 m¡nutet
2. Binse mouth clean of deMs.

8. Five minutes before the initial collection, rinse mouth with cold water and deposit in a clean

ctrp. Test for blood (a contaminant) uinghemastir
4. ffnegative, continue. If positive, repeat step 3; if still positive, stop.

EXPEBIMEII¡T 1: COI{TTAMINAIION Sft DY

Ttris pr.ocedr¡¡e was designed to detemine the immediat¿ cont-rniqatory efrect of coca-Ieaf

chewingon a$ays of salivary pngesterona

M,ogll:
1. Observe pre-collection protocol (see Msterids andMethods).

2. IDitiate olfactoty stimul¿tion of saliya produetion and collest l&c saliva in prepared hüe.
8. Immedirately place coca (-15 lear¡es; wittr or withoutltlpúa) in e.heek poucih.

4. (hntly smssh cocabetween molars, collecting l&c salivain secqrd prepared hüe.

Somple: A total of 2? pairerl hials (15 with lt¿pt¿, 1!l withor¡t) from five shrdy participants (three

female, twomale) whohave neyer eihewed cocabdorr thiserperimenL

R¿sulte:

Inüvid¡¡al data are presoted in Table 1 and sr¡mmarizd in Ftgr¡re 1.
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Coca-leaf c.hewing dramatically elevates the apparent vah¡es for salivary prrgesterone. For 2?

trialr, the difference in readings before and after chewing coca averagps 386 pmoUL, a mea¡l

increase of 7L6%. Variatiou in readings between inüvidr¡als or with respect tollípu use, sex, or

age is aot statistically significanL

thor¡gh the apparent increase in progestemne is substantial, the magnitude of difrerence due to

coca-leaf cont¡'"'i'ration approximates that separating normal follicular and luteal levels in

slrüng women. Thus, r¡ndetect¿d cbca ehewing could mistakenly lead to classifring inüüdr¡al
samplee as Iuteal and cydes as ovulatory.

§alivary Progestenone (pmoVL): Contamination Experiment

Subject

1
1
1
1
1
1
1
1
1
1
2)
2
2
2
2
2
2
2
3
3
4
4
4
4
4
6
6

Table 1

Sex

F
F
F
F
F
F
F
F
F
F
M
M
M
M
M
M
M
M
F
F
F
F
F
F
F
M
M

Llipta

N
N
N
N
Y
N
N
Y
Y
N
N
Y
Y
Y
Y
N
Y
N
N
N
Y
Y
Y
Y
Y
Y
Y

Before

2L9
248
164
203

98
55
7L
89

109
116
175
3?3
u27
82
§
29
31
39
76
70
47
40
83
74
67
zlt

101

644
47
943
350
327
416
903
482
?76
328
4U
gz,-
698
282
163
62/.
945
228
687
L2/L
4?3
485
477

LZLL
136
259
373

I

I
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Ttrie procedure was designed to det¿¡mine the duration of coca-leaf contamination once üewing
hag ended.

Prctool:
1. Obsenre pre-collection prctocol (see Materials and Methods).

2. Initiate citric stimulation of saliva pmduction and collect 10cc saliva in a prepared h¡be.

4. Immeüately place coca a¡¡d llipto n dreek pouch, drewing as is anstomary.

5. At 15 minutes, collect 10cc sali\¡a in a second prepared tube; again, at 30 minutes in a thinl
tube.

6. Empüy mouth of coca; collect 10cc salir¡a in inüüdr¡al tubes at 15 minute intenals for an

additional2 hours.

§onplz: Ikelve womeu, ranging in age from 23 tD 6 years, in ür'ee use classes: frequent (drews

15 to 30 ti"'es a month; n=3), moderate (üews 1to 4 times a month; n=3), rare (drews no more

than I times 8 yéar; n=6). Completed eeries, as outlined in the above pmtocol, totals 11 hües for
each participanL

R¿stdts:

Inalividual raw data are given in Table 2. Star¡dardized data, derived as a percentage of the first
sample value, are prresentéal in Table 3. Based on the raw data, Figurea 2 and 4 plot the

inilividr¡al values and the sanple statistics (mean and standard deviation); interassay variabiüty
is responsüle for the two very higb peaks in Figrrre 2. Figure 3 omits these two higlr peaks to

r'eveal the r¡ariation amoft the other ten sa.mple series. Standardized data are plotted in Figures

5 and 6.

lte contamination effect of coca-leaf chewing is transitory, as is readily seen in the figrrrea.

Inüüü¡¡Ity and as an aggregatc, salivary samples taken while e,hewing coca (at 15 anil 30

rnin¡tss) have uarkedly elevated progesterone readings (averaging 796 and 918 pmoU[-i.e.

rising L04;6% and 1168% r'espectively), a fiading consistent with the results of Experiment 1.

At 16 minr¡t¿s aft¿r chewing oeases (45 minute sample), sdivary progesterone readings approach

pre+hewing levels OGLft" orf first sample). By 30 min¡¡(¿s after drewing oEasea, r¡alr¡es for the

rcmaining sequential samples are nearly identical to üe initial reading.

Statistical analyses (AI{OVA with repeated measures, Scheffe F-test, Fis}rer PLSD) confirm that

the 15 minute and 30 minute (i.e. wo+luwW) samples are not significantly different from eaejh

ottrer but both are signiffcantly greater than all other samples, all of whlch are statistically

inrlistinguishable from each other. Figure 5 r,eveals üat f¡equent r¡sers of q¡ca<rmpared to

EtPEffi 2: TIME SER,IES SILIDY
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moderate and rare usen-üave the greatest elevaüion ia progestcrone readfurga upon drewing
(2468%,76?.%, and 476% of initi¿I value, respectively) though their initial values aFe no greater.

AlilOVA confirms that frequent r¡sere have significantly greatcr reaüngs tha¡r moderate or rarre

users for Lrlthccr;o+luuüng samples; there are no significant differences among the three groupg

for any other samples. Itis higher contamination level is ükely the result of a larger coca volume

ar¡d a greater chewing skill among the more experienced users.

TableZ

Salivary Progesterone (pmol[L)z
Baw Data forTime Series Experiment

SEQLTENTLAL SAIVÍPLE #

1 2 3 4 5 6 7 8 9 10 11

Rotv Cou Users

25
25
28
35
37
4L

47
42L
36

153
376

43

111
1581

62L
143
668
224

149
2008

375
752
98?
L67

4
1136

47
141
389

66

58
677
23
26

302
51

32
467

.35
156
26L

0

65
194
64
24

463
0

95.
L7L
26
85

183
79

65
178

0
115
310
47

49
272

18
36

345
T7

28
159

I
106
252

I
Múerotc CeaU*,rs

23
24
27

81
95

220

378
a3

3059

?8
571

2955

95
55

407

36
36

165

23
61

328

68
11

264

51
37

263

46
38

280

63
61

396

4
47

308

Frcqucnt CrnU*rs

32
43
45

41
37
27

689
772
982

835
1076
1069

58
91
93

4
27
31

13
35
L4

24
0

46

8
26
39

16
22
24

26
28
22

23
19
32

TÜTAL SATIPLE

mean
§.d.

131
137

796*
82L

918*
838

2L9
316

L23
193

118
151

100
139

88
76

95
105

111
140

86
101

I ma¡Ls coca-chewing samples; these are statistically inüstinguishable frcm each other b¡rt
significanüV greater than dl other samples (p<0.05).
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Table I

Salivary Progesterone (Vo of Sample 1):
Standardized Data for fime Series Experiment

furc CouUserc

1

26
25
28
35
37
4L

2

100
100
100
100
100
100

236
376

L447
94

178
52L

Mderotc fu Usens

3

SEQUEI.ITTAL SAIvf PLE #

4

3L7
477

L04z
492
263
365

2g
24
27

5

Frcqucnt Cru Users

100
100
100

94
270
131
92

104
L64

6

467
415

1391

32
43
46

L23
161
il
L7
80

119

7

TATAL SAT{PLD A

100
100
100

96
601

1343

68
109
97

L02
69

0

mean
B.d.

8

1681
208?
3637

138
46

150
16

L23
0

IL?
58

185

I

100

202
4L
72
56
49

184

2037
2908
3959

u
38
75

10

L0É7
1054

138
42

0
76
82

109

28
64

149

IA
%16

34

11

104
65
60
ztL

92
40

1158
L2L4

u
L2

116

107
?3

115

63
39

115

161
85

60
38
25
69
67
2L

32
95
52

57
40

L27

59
0

1?0

85
4L

78
64

180

20
70

LU

72
4L

54.3
50

140

39
60
89

76
62

63
76
82

88
60

56
51

119

?2
40

76
39

62
35
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Coca-leaf chewing dramatically increases the apparent salivary pmgesterrne levels. Presumably,

the contamination is not actually prugesterone but rather a substarice in the chewing compound

thatreacts sufficiently with the assay antibodyto simulat¿ progesteroae.

Most importantly, the rise due to coca-leaf drewing is of a magnitude that could be mistaken for

norual lut¿al levels if one were not awa¡re of this practice. lbeae ¡eeults sharply r¡nderscore t}re

essenüalness of proper pilot work and protocol testing before using salirrary assays in ffeld

¡esearch. The generd necessity of such preliminary work is highlight¿alby a similar finding that
betel nut chewing in Nepal also can se¡+arnin¡te gamples if precautious are not taken (Elliaon,

pers. comm.).

Fortunately, the effects of coca-leaf ehewing ane very transitory. Salivary samples can be

collected after 30 minuteg from the last üew, preferably after the subject h¿g rineed the mouth

with clean water. Having est¿bliüed the feasibility of using this technique in the Andes, and the

appropriate protocol for doing so, salivar¡r aseays can prnvide critical data to addrpss ee\rcrd

controversies regarding fertiüty det¿rminants in hiá altih¡de populatious.
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