
Journal of Applied Science and Agriculture, 8(4) Sep 2013, Pages: 379-384 

 

AENSI Journals 

Journal of Applied Science and Agriculture 

Journal home page: www.aensiweb.com/jasa/index.html 

 

 

Corresponding Author: Majid Sampour, University of Luristan, Faculty of Sciences, Department of Biology Postal 

address: University of Luristan, 5th KM  Khoramabad-Tehran Road, City of Khorramabad, 

Country IRAN. Phon number 0098 661 6200112. Box 465.  

                                             E-mail: majedsampoor@yahoo.com 

The study of nasal gland secretions in the lizard Uromastix loricatus (Agamidae: 

Reptilia) in Iran 

 

Majid Sampour 
 

University of Luristan, Faculty of Sciences, Department of Biology, City of Khoramabad,  Country IRAN, P.B. Box 465. 

 
A R T I C L E  I N F O  A B S T R A C T 

Article history: 

Received 6 September 2013 

Received in revised form 14 October 

2013 

Accepted 15 October 2013 

Available online 23 November 2013 

 

Key words: 

Uromastix loricatus, agamid, reptile, 

water and electrolyte balance,nasal 

gland,  salt  secretion, desert. 

 The excretory response of  nasal salt glands of the Uromastixs loricatus, from southern 

Iran  has been  investigated following injections treatment of  KCl,  NaCl, potassium 

acetate,  sodium  acetate  and  histidine chloride. This lizard like other herbivorous 

lizards, effectively eliminates the extra electrolytes load. Some herbivorous reptiles 

species, such as some lizards possess  a pair  active nasal salt gland which exude the 

extra ions from blood plasma. In order to prove this, Uromastixs loricatus exposed to 

the  mentioned treatments.These  experimental works indicated that nasal salt gland is 

able to secret a big part of the injected electrolytes. Prior to salt injection to lizards, a 

little amount of salt eliminated  by nasal glands, and  high percent of ions was 

eliminated in  urine by cloaca. After injecting sodium chloride,potassium chloride  and 

other treatments    to animals, the rate of salt in blood plasma increased, and  the nasal 

glands excreted a considerable percent of increased  ions, included Na+, K+ and Cl-, and 

low percent of salt was excreted by cloaca.     
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Introduction 

 

 Several reptilian species both terrestrial and marine possess specialized paired nasal glands, which secrete 

concentrated saline solutions. Terrestrial species usually have lower secretion rates than marine species (Lemire 

& Vernet, 1983). A particularly well developed  and specialized gland for salt secretion, is common in 

herbivorous desert lizards, in particular those where their  only water sources are the plants that they eat (Gabe 

& Saint Girons, 1971,1976).  In lizards, salt glands develop embryologically from the external nasal gland   

(Gabe & Saint Girons, 1971,1976). According to Lemire et al. (1980), the nasal gland response to saline loading 

has been described in several terrestrial saurian species.  

 Uromastix loricatus, is an herbivorous agamid lizard, distributed in southwest Iran, including Khuzestan 

province,  Bushehr province and  west of Zagros Range in the west of Iran and is usually  found on hillsides. In 

natural conditions, terrestrial  lizards  eliminate both potassium and  sodium salts. When animals are exposed to 

sodium chloride loading, they respond by secreting a mixture of NaCl and KCl (Hazard,2001). They can also 

modify the composition of saline secretions, and the K/ Na ratio (Lemire &Vernet, 1983). To date there has 

been no published work on the osmo- regulatory capacities of U.loricatus, but its similar ecology to that of  

another herbivorous Saharan  agamid lizard,  Uromastix acanthinurus, which is widely distributed in north 

Africa ( Lemire et al,1980), prompted the present study of its nasal salt gland. In numerous lizards, instances of 

increased blood sodium (hypernatraemia) and potassium (hyperkalaemia) concentrations in summer when 

supplies of water are at a premium, have been reported by Bradshaw (1986, 1997), and by Sampour (2008). 

Bentley (1976), and Grenot (1976), both reported that U. acanthinurus,  another desert agamid, is able to 

maintain electrolyte homeostasis blood during the dry  season. However, a careful analysis of the data by 

Lemire  et al.(1982), separating individuals from different localities, showed that hypernatraemia and 

hyperkalaemia were common during the summer months ( Bradshaw, 1997). Hypernatraemia also occurs in 

Agama nupta, which is an  insectivore lizard, lacking a  nasal salt-secreting gland, (Sampour, 2008). The case of 

U.acanthinurus, shows that the presence of a salt-secreting gland is not necessarily protection against increased 

bloded electrolyte concentrations during periods of drought and it was therefore, of some interest to examine 

U.loricatus from this regard.  
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Materials  and  Methods                                                                                                                                        

 

 In order to stimulate nasal gland functions of  Uromastix loricatus, for becoming active and secreting salt, 

25 adults  weighing 300 to 550 g, length of body from muzzle  to anus 250 mm, and length of tail 190 mm, were 

collected  from Husaynieh village 32°76′ 00′′ N  48° 23′ 00′′ E,  25 kilometers  north of Andimeshk 32° 27′ 

00′′N  48° 21′ 00′′E  (In the north of  Khuzestan  province)  southern Iran, from April to May  2006 and  May to 

June 2007.  The collected animals were transferred to a laboratory, Luristan University of Khoramabad, for 

experimental works. Habitat, temperature, and humidity were all recorded. The experiments were carried out 

within 6 days of capture. With blood  being taken within  2-4 hours of capture, blood samples were also 

collected after salt loading to determine the effects of ions loading on plasma concentrations. Blood samples 

were collected into heparinised microhaematocrit tubes, from the infra −orbital sinus of each lizard, (Halpern & 

Pacaud, 1951). Blood was centrifuged immediately at 1500 g and plasma separated and stored frozen at -20ᵒC 

until analyzed (Saint Girons et al. 1992). The lizards were not fed during experiments and were divided into two 

groups, and placed in climatic chamber at 38 ± 0.5ᵒC and humidity less than 15 percent, (see Lemire et 

al.,1980). One group was given daily subcutaneous injections of 2 mL of sodium chloride (2 m mol  NaCl  per 

100 g  body weight) and the other group received 2 mL potassium chloride (2 m mol KCl  per 100 g  body 

weight) for 5 days (Lemire & Vernet, 1983 ). Salt encrustations around the nostril were checked and collected 

daily for subsequent analysis.  

 Na+ and K+ concentrations were measured with a flame photometer (Cornic 405 ), and Cl− concentrations 

were determined by mercurometric titration. Nasal secretions were dissolved in 1 mL distilled water, and cloacal 

excrements were treated  by the method of Minnich (1970).  After weighing, urinary pellets were finely ground 

and a few drops of nitric acid added to 30 mg aliquots which were then dissolved in 10 mL distilled water. 

Anova was applied to determine significant difference between means electrolyte concentrations.The confidence 

limit in all analysis was p˂ 0.05. 

 

Results: 

 

 Prior to salt injections the amount of sodium and potassium ions eliminated by nasal glands was very low( 

Table 1). Salt loading with 2 mmol per 100 g per day of NaCl for 5 days resulted in increased salt production by 

the nasal salt gland, commencing on day 7 (Fig. 1,). A mixture of Na and K ions was secreted by the gland with 

NaCl secretion reaching as plateau by day 10 which was maintained until day 16  when the experiment was 

terminated. KCl secretion, on the other hand, which was initially as important as sodium, further increased from 

days 12-16. The response of the gland to NaCl challenge is thus to produce a mixed salt solution in which 

potassium becomes dominant. Loading with KCl, on the other hand, saw the production of a secretion 

containing little NaCl (Fig. 2), underlying the fact that the salt gland of this species is essentially a potassium 

excreting organ. After sodium chloride and potassium chloride treated to lizards, the level of chloride (Cl−) in 

blood plasma was increased. In pre- experimental period, the ratio of  Cl− / (K+ Na)  was  low and it was 

between 0.5 - 1.  

 
Table 1: Plasma ions Na, K and Cl (mmol L-1) concentrations in Uromastix loricatus. 

Mounts N Na+ K+ Cl− 

April-May 8 149.2±0.85 4± 0.75 127 

July 6 152.6±0.70 5±0.65 131±1.75 

 

 In U. loricatus, like other saurian, the nasal gland play a little role in salt excretion during the pre-

experimental period, because a small percent of sodium and potassium ions, in total was eliminated by this 

gland, and a high percent amount of  ions included  K  and  Na was eliminated by cloaca (kidney) in urine.  

 Our experimental indicated  that after  sodium chloride and  potassium chloride  injections, the nasal salt 

glands  eliminated a considerable percent of  K+ and  Na+  ( 90 %  for  K and 78 % for  Na  ions ) and a low 

percent of  salt was eliminated by the cloaca (Table  2).  

 The concentration of Na ions in plasma was not significantly different, it remain at the starting level.  

 Within  the period of pre-experimental, after injected NaCl and sodium acetate to lizards, blood plasma Na+ 

increased from normal rate to about 185 mmol/ L, but after injected KCl or potassium acetate to this animals, 

there was no change in concentration of Na+ in plasma. After lizards treated to KCl or potassium acetate, the 

concentration of K+  in plasma, increased from normal range to up of 6 mmol/L (Fig. 3). When animals were 

injected with NaCl and sodium acetate, the concentration  of K+  in blood plasma, decreased from level of 

starting to a low range. After  lizards were injected with potassium chloride or sodium chloride,  the level of 

chloride (Cl− ) in blood plasma rose from the normal rate to about 175 meq/L. After potassium acetate or sodium 

acetate injections, the level of  chloride in blood plasma fell from the initial level below the normal range. The 

long of time that lizards response to treatments was different, depending on the lizards body conditions.  
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Fig. 1: Rates of secretion of (Na+), (K+) and (Cl-) by the nasal gland of Uromastix loricatus. Nacl (2 mmol per 

100 g  of body wt)  were given at times shown by arrows. 

 

 
 

Fig. 2: Rates of secretion of (Na+), (K+) and (Cl-) by the nasal gland of Uromastix loricatus. KCl (2 mmol per 

100 g of body wt) were given at the times indicated by the narrows.  

 

 Nasal excretions were collected every day from each stations around the nostrils or from the bottom of 

cages and were dissolved in 1 mL  of distilled water for analysis.  Nasal  secretions represented almost all salt 

eliminated, after salt injection, especially when KCl injected to lizards 89 %  of  K  ion and about 75 percent of 

excretions of Na ions were eliminated by the nasal gland. Nasal secretions for both K+  and   Na+ before salt 

loading was low. After salt injection (NaCl ) K  ion increased from day 6  to day  9,  then dropped a little on day 

10, after KCl injection, gone up  from day 11 and, then fell down from day 12. After lizards treated to NaCl,  

sodium ions rose from day 6 (but less than potassium ion) until day 11 and remained at this range. Histidine 

chloride treated lizards secreted about 69% potassium. After  NaCl treated, lizards secreted about 38% between 

days 3 and 4. When histidine chloride, was injected to lizards, the elimination of percentage potassium increased 

in some animals and decreased in others. 

 Cloacal elimination for potassium was up from day 2 and then fell down on  day 3 of the period, it 

increased a little  between days 3 and 4 of experimental, before  salt injection and remained  at this range, after 

NaCl injection it rose on day 9, and fell down from day 11 and not varied until day 16 which it increased on this 

day,then dropped.  Na+ excretions rose a little rate from day 4 then dropped, after NaCl injection, Na ion 

increased from day 10, then decreased on day 12, and then increased on day 16,then fell down.  

 
Table 2: Urinary excretion by cloacal in Uromastix loricatus during the period of experiment. 

Injection % of  Na+ secretion % of  K+ secretion 

Before injection 58 68 

NaCl injection (5) 8 20 

KCl injection (10) 27.5 5 

 

 When  lizards treated to potassium chloride, the ratio went  up on day 6, then fell down, and then gone up 

on day 12, then the ratio decreased. This ratio also was up for cloaca, it went down on day 6 of experimental 

period, then gone up a little amount on day 11 of period, then fell down.   

 After NaCl injection to lizards, the rate of eliminated of Cl−  by the nasal gland increased  on day 6,   the 

increasing continued  in a high amount until days 13and 14 of  experimental, and then fell down, after that it 

increased. Our experimental showed that before salt injection the Cl− eliminated by cloaca, was in a low amount, 

but less  than of nasal eliminated. After NaCl injection, the eliminating increased from day 9 to day 11, then 

dropped. This rate then gone up from day 16 and then fell down.  
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 The response of lizards treated to sodium acetate or sodium chloride, was increased in blood plasma sodium  

rate, but when used potassium acetate or potassium chloride  there was no increasing. To use sodium chloride 

and potassium chloride caused increasing plasma chloride, whereas lizards treated potassium acetate and sodium 

acetate indicated decreasing in it. 

 

 
Fig. 3: Rates of secretion of (Na+), (K+) and ( Cl − ) in Uromastix loricatus. K acetate (2 mmol per 100 g  of 

body wt) were given at the times indicated by arrows.  

 

 When histidine acetate injected, the animal maintained very small salt secretion amount, this experiment 

indicated that histidine and acetate do not effect on the excretions.   After treating sodium acetate, lizards did not 

expressively increase excretion rate, whereas using the histidine chloride  or  potassium acetate it increased. In 

response to histidine chloride, the animals secreted (salt) more than those which treated to potassium acetate. 

When sodium chloride was injected, the rate of secretions was not different from the excretion of those treated 

to  histidine chloride. The lizards treated with KCl, showed highest rates of excretion. There was significant 

difference for sodium (Na+ ) amount, when lizards treated by NaCl, KCl and K acetate (p< 0.05),(Table 3). No 

significant difference for potassium ( K+) rate, was observed when NaCl, KCl and K- acetate injected to animals 

(p> 0.05), (Table 3). No significant difference was observed for chloride (Clˉ ), rate after NaCl, KCl and K 

acetate injected to lizards (p >0.05 ) ( Table 3). 

 
Table  3: Analysis  of variance for  sodium (Na+), potassium (K+) and chloride (Cl- ) by nasal gland of the lizard Uromastix loricatus  

following injections 2 mmol NaCl, KCl and K acetate. 

 
 

Discussion: 

 The function of nasal salt glands have been studied in some species of reptiles with different dies 

(Templeton, 1964, 1966;  Dunson, 1974,1976; Minnich, 1981; Lemire et al., 1980; Lemire & Vernet, 1982, 

1983; Bradshaw et al. 1984b ; Hazard et al., 1998; Hazard, 2001; Shoemaker et al.,1972; St Girons et al. 1977). 

In non -herbivorous lizards the concentration of ions including sodium and  potassium in plasma significantly 

increases slightly in summer, but there is  no active nasal salt gland to eliminate the extra ions from body in 

many species (Sampour, 2008). In desert populations, the plasma salt level varies depending on season (Lemire 

& Vernet, 1981). It seems that in warm season, in U.loricatus, if the rate of salt increase in blood plasma, the 

extra ions may be eliminate via the nasal salt gland. The level of ions in plasma in lizards is related to the food 

which animals ingest. In herbivorous lizards the level of K+ in blood plasma is up, because the level of K+ in 

plants is high (Hazard, 2001), therefore  in this lizards, nasal salt gland play an important role  of excretion of 

potassium and chloride (Hazard, 2001). The role of nasal salt gland in electrolyte secretion in desert lizards 

species, Iguana Dipsosaurus dorsalis, has been reported by Minnich (1976). In other desert species  Sauromalus 

obesus, by Nagy (1972), and in U.acanthinurus Bradshaw et al.(1984). Minnich, (1976) and Nagy (1972), have 

pointed that the large percentage of sodium, potassium and chloride eliminated by nasal salt gland in  D. 

dorsalis, and S. obesus.  

 Terrestrial reptile species usually indicate a lower rate than marine species ( Lemire & Vernet, 1983). In 

desert reptile nasal salt gland  with high (well) electrolyte secretion to adapt environment. According to Norris 

& Dawson ( 1964), Shoemaker et al. (1972), the important role of nasal salt gland is excreting of  salt and 

regulating electrolytes concentration in some species of reptiles. In insectivorous Agama nupta without active 

nasal gland, in particular, in warm season, concentration of Na+ and K+  of blood plasma increase, because nasal 
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gland unable to eliminate ions from body. Bradshaw (1997) reported that increasing the rate of sodium and 

potassium in some seasons relate to environment conditions and type of feeding.  

 As mentioned previously U.loricatus, is a herbivorous reptile, the region of Khuzestan that this lizard has 

been studied, is a warm climate. The long of warm seasons in this region is more than 8 months per year, so, it is 

a dry region. It seems that U.loricatus, should have active nasal gland with a structure similar to other 

herbivorous like U.acanthinurus, (Lemire et al., 1980), which capable secret Na+, K+  and Cl− out of body. 

 Comparison the rate of crystallized ions (salt) around the nostril of U.loricatus, before and after injection 

KCl, NaCl and other salt indicated that nasal gland is active to eliminate the extra ions from blood plasma of this 

lizards. The comparison of amount of salt excretions via nasal salt gland before and after salt injections, 

indicating the ability of this species to regulate its ionic and water balance. So the salt gland adapted for the 

eliminate of the ions. Before lizards injected salt, nasal gland secreted ions, some lizards treated 2 mL sodium 

chloride or potassium chloride per 100 g body weight. Nasal gland excrete some ions more  than animals which 

no injected salt. Therefore, to inject the treatment, to lizards, stimulates nasal gland to secrete extra ions from 

blood plasma. Before KCl, NaCl, potassium acetate, sodium acetate and histidine chloride treated  to U. 

loricatus, and under natural conditions, the nasal gland eliminates small amount of ions almost 5 percent sodium 

and 7 percent of potassium and chloride.  Increased excretion of nasal gland after treated lizards indicating the 

effect of treatments on salt gland and stimulate it. NaCl or sodium acetate injected to lizards, causes to increased 

Na+ concentration in blood plasma and also about low range 12 percent eliminate via nasal gland  and about 19 

percent via cloaca on day 6 of period. Eliminated of potassium (K) was 39 percent by salt gland. After KCl 

injected lizard eliminate 85 percent potassium ( K ), and 65 percent Na+  excreted by nasal gland. After KCl or 

NaCl injected to lizard, the amount of Cl−  excreted by nasal gland was 90 percent between days 3 and 4 of 

experimental, also histidine chloride treated to lizard the rate of Cl− eliminated by nasal gland was 91 percent. 

When sodium acetate treated to lizards, there was no effect to  stimulated the salt gland, whereas used potassium 

chloride and histidine chloride causes to stimulated the gland. Potassium acetate injected to lizards, causes to 

reduce the rate of chloride. When lizards subjected to NaCl, KCl and  K acetate, there was significant difference 

for sodium. There was no mean difference for potassium and chloride when animals exposed to NaCl, KCl and 

K acetate. More investigations need to determine the nasal salt gland function in different species of reptiles.  
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