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New Route for Synthesis and Characterization of Halogen
Pyrimidine Derivatives with Promising Antimicrobial
Activities

A.H.Abd El-Wahab® and Z.I.Al-Fifi®

(1) Department of Chemistry, Faculty of Science, Jazan University, K.S.A.
(2) Department of Biology, Faculty of Science, Jazan University, K.S.A.

Abstract
The synthesis of novel 10,11 dihydro-3-methoxy-9-methyl-12- (p-halophenyl)- 12 H-
naphtho-[2,1-b]pyrano[2,3-d]pyrimidine-11-one derivatives has been reported. The key
intermediate 2-amino-4-(p-halophenyl)- 7-methoxy-4H-naphtho[2,1-b] pyrano -3-car-
bonitrile (3) was obtained by treating 4-halobenzylidenmalononitriles (2a—c) and ethyl
4-halobenzylidenmalonates (2d—f) with 6-methoxy-2-naphthol (1) in ethanolic piperidine
solution. Antimicrobial activity was shown for most of the synthesized compounds.

Keywords: 4-Halobenzylidenmalononitriles; ethyl 4-halobenzylidenmalonates; 6-me-
thoxy-2-naphthol; naphtho[2,1-b] pyrano ; naphtho[2,1-b]pyrano[2,3-d]pyrimidine; anti-

microbial activity.

1. INTRODUCTION

Pyran and fused 4H-pyran derivatives
have attracted a great deal of interest owing
to their antimicrobial activity (Ashraf et al.
2003; Fathy et al., 2004; El-Agrody et al.,
2001; Bedair et al., 2000; El-Agrody et al.,
2000), inhibition of influenza, virus siali-
dases (Taylor et al., 1998), mutagenic activ-
ity (Hirmoto et al. 1997), activity as antiviral
(Martinez et al. 1997) and antiproliferaction
agents (Dell et al., 1993), sex-pheromones
(Bianchi et al., 1987), antitumor (Eiden et al.,
1991) and anti-inflammatory agents (Shishoo
et al., 1981). Moreover, pyrane derivatives
are well known for their antihistaminic activ-
ity (Noda et al., 1977).

In continuation of the previous works
(El-Agrody et al., 1997), it seemed interest-
ing to synthesize new 2-amino-4-(p-halophe-
nyl) -6- methoxy-4H-naphtho[2,1-b]pyran
derivatives and 12-( p-halophenyl)-12H-
naphtho[2,1-b]-pyrano[2,3-d|pyrimidine de-
rivatives.

by using 4 - halobenzylidenmalononitriles;
ethyl 4 - halobenzylidenmalonates; 7 - me
thoxy-2-naphthol; as starting material. These
derivatives might be active against some
Gram-positive and Gram-negative organ-
isms.

2. EXPERIMENTAL

Melting points were measured using the
melting point apparatus (Stuart Scientific
Co., UK) and remained uncorrected. The
IR spectra were recorded on a Shimadzu IR
440 spectrophotometer (Shimadzu, Japan)
in KBr. 1H NMR spectra were measured on
a Varian Mercury (300 MHz) spectrometer
(Varian, UK), using tetramethylsilane (TMS)
as the internal standard and (DMSO-d6) as
solvent. Microanalytical data (Table 1) were
obtained from the Microanalytical Unit of the
Cairo University (Egypt).

2.1. Synthesis of 4H-pyrane derivatives (3a-
f). General procedure

(1) E-mail: ash_abdelwahab@yahoo.com

ISSN: 6050-1658
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A mixture of substituted 4-halobenzyliden-
malononitriles (2a-¢) (0.01 mol) and/or ethyl
4-halobenzylidenmalonates; (2d-f) (0.01
mol), 6-methoxy-2-naphthol (1) (0.01 mol)
and piperidine (0.5 mL) in absolute ethanol
(50 mL) was heated until precipitation was
completed. The precipitate was collected by
filtration and recrystallized from the suitable
solvent.
2-Amino-4-(p-halophenyl)-7-methoxy-4H-
naphtho[2,1-b|pyran-3-carbonnitrile (3a-c)
and ethyl 2-amino-4-(p-halophenyl)-7-me-
thoxy-4H-naphtho[2, 1-b|pyran-3-carboxyl-
ate (3d-f) afforded colourless needles from
dioxane and ethanol, respectively.

Synthesis of 2-acetylamino-7-methoxy-4-(p-
halopheny)-4H-naphtho[2, 1-b]pyran-
-3-carbonitrile (4a-c)

A solution of 3a-c¢ (0.01 mol) in Ac20 (20
mL) was heated under reflux for 30 min. The
solid product formed was filtered off and
washed with cold EtOH to give 4a-c as pale
yellow crystals (from ethanol).

Synthesis  of  10,11-dihydro-3-methoxy-
9-methyl-12-(p-halophenyl)-12H-naphtho-
[2,1-b]pyrano[2,3-d]pyrimidine-11-one (5a-
¢)

Method A. — A solution of 3a-¢ (0.01 mol) in
Ac20 (20 mL) was heated under reflux for
3 h. The precipitate was filtered off, washed
with cold EtOH to give 5a-c as colourless
crystals from DMF.

Method B. — Gaseous dry HCI was bubbled
through the mixture of 3d-f (0.01 mol) and
CH3CN (30 mL) for 4-6 h. The reaction mix-
ture was poured into ice water and alkalized
with 10% aqueous ammonium hydroxide to
give Sa-c.

Synthesis of 10, 11 - dihydro - 3 - me thoxy -
9 - phenyl - 12 - (p-halophenyl) - 12H - naph-
tho [2,1-b] - pyrano [2,3-d] pyrimidine - 11
- one (6a-c)

A solution of 3a-¢ (0.01 mol) in benzoyl chlo-
ride (20 mL) was heated under reflux for 6 h.
The excess of benzoyl chloride was removed

under reduced pressure and the residue was
poured into cold water. The precipitate was
collected by filtration, washed with carbon
tetrachloride (10 mL) to remove the formed
benzoic acid and the residue was dried to
give 6a-c as colourless crystals from DMF.
Synthesis of 11-amino-3-methoxy-12-
(p-halophenyl)-12H-naphtho[2,1-b]
pyrano[2,3-d]pyrimidine (Ta-c)

Method B. — A solution of 3a-¢ (0.01 mol) in
formamide (20 mL) was heated under reflux
for 6 h to give 7a-c.

Method A. — Gaseous NH3 was bubbled
through 8a-c (0.01 mol) in methanol for 1 h.
The solid formed was collected to give 7a-c
as colourless needles from benzene.
Synthesis of 2-ethoxymethyleneamino-7-me-
thoxy-4-(p-halophenyl)-4H-naphtho-[2,1-b]
pyran-3-carbonitrile (8a-c)

A mixture of 3a-c¢ (0.01 mol) and triethyl
orthoformate (2 mL) in acetic anhydride
(10 mL) was refluxed for 2 h. After cool-
ing, the precipitated product was filtered off
and washed several times with cold ethanol
to give 8a-c as colourless crystals from ben-
zene.

2.2. Synthesis of pyranopyrimidine deriva-
tives (9-11). General procedure

A mixture of 8a-¢ (0.01 mol), hydrazine hy-
drate (5 mL, 99%) or methylamine (0.01 mol)
in absolute ethanol (50 mL) was stirred for 1
h at room temperature to give 9a-c. 10-Ami-
no-10,11-dihydro-11-imino-3-methoxy-
12-(p-halophenyl)-12H-naphtho[2,1-b]
pyrano[2,3-d]pyrimidine (9a-c) and 10,11-di-
hydro-11-imino-3-methoxy-10-methyl-
12-(p-halo-phenyl)-12H-naphtho[2,1-b]
pyrano[2,3-d]pyrimidine (10a-c) were ob-
tained as colourless crystals from dioxane.
Synthesis of 7 - methoxy - 2 - ( N, N - di-
methylaminomethylene ) - 4 - ( p-halophe-
nyl) -4H - naphtho [2,1-b] pyran - 3 - carbo
nitrile (11a-¢) A mixture of 8a-c (0.01 mol)
and dimethylamine (5 mL) in ethanol was
stirred for 1 h. The white solid formed was
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filtered, washed with cold ethanol to give
11a-c as colourless crystals from benzene.
Synthesis of 10,11-dihydro-3-methoxy-12-(
p-halophenyl)-12H-naphtho-[2,1-b]
pyrano/2,3-d]-pyrimidine-11-thion (12a-c)
H,S was bubbled through a solution of 8a-c
(0.01 mol) in absolute ethanol (50 mL) at
room temperature for 1 h. The reaction mix-
ture was stirred for an additional hour to

give 12a-c as yellow crystals from dioxane.

3. ANTIBACTERIAL ACTIVITY

The new synthesized compounds were
screened for their antimicrobial activity in
vitro against two species of Gram-positive
bacteria, Staphylococcus aureus (NCTC-
7447), Bacillus cereus (ATCC-14579) and
two Gram-negative bacteria, Escherichia coli
(NCTC-10410), Serratia marcescens (IMRU-
70) and using the paper disc diffusion method
(Hewitt W and Vincent S,1989). Filter paper
discs manufactured by Bristol-Myers Squibb
(Egypt) were used.
The tested compounds were dissolved in
N,N-dimethylformamide (DMF) to get a
solution of 1 mg mL-1. The inhibition zones
were measured in millimeters at the end of
an incubation period of 48 h at 28 °C. DMF
showed no inhibition zones. The ampicillin
(30 pg) standard was used as a reference.

4. ANTIFUNGALACTIVITY

The new synthesized compounds were
screened for their antimicrobial activity in
vitro for their antifungal activity against
two species of fungi, Aspergillus fumiga-
tus (MTCC-3008) and Candida albicans
(MTCC-227) using the paper disk diffusion
method (Cremer A, 1980). The tested com-
pounds were dissolved in DMF to get a 1 mg
mL-1 solution. The inhibition zones were
measured in millimeters at the end of an in-
cubation period of 48 h at 280C. A standard
of Calforan (30 pg) was used as a reference
and the results are shown in Table 3.

5. RESULTS AND DISCUSSION

Condensation of 6-methoxy-2-naphthol
(1) with 4-halobenzylidenmalononitriles
(2a-¢) and/or ethyl- 4-halobenzylidenmalo-
nates; (2d-f) afforded the corresponding
2-amino-4(-p-halophenyl)-7-methoxy-4H-
naphtho[2,1-b]pyrane-3-carbonitrile  (3a-c)
and ethyl-3-carboxylate (3d-f), respectively
(Elagamey et al. 1990, 18).

Treatment of 3a-c with Ac,0 gave two
products dependening on the reaction time;
one product was identified as 2-acetyl-
amino - 7 - methoxy - 4 - (p-halo-phenyl)
- 4H -naphtho[2,1-b]pyrane-3-carbonitrile
(4a-c) (30 min), while the other was identi-
fied as 10,11-dihydro-3-methoxy-9-methyl-
12-(p-halo-phenyl)-12H-naphtho[2,1-b]
pyrano[2,3-d]pyrimidine- 11-one (5a-c, 3 h).
Structure 4a-c was established on the basis of
IR, which showed the presence of CN at 2217
cm™ and CO of the acetyl group at 1732 cm™!
and for Sa-c the absence of CN and the pres-
ence of amide carbonyl at 1660 cm1. support
for structure Sa-c was obtained by the inde-
pendent synthesis of Sa-c by the reaction of
3d-f with CH3CN in the presence of dry HCI
gas (Dave et al., 1980) (Scheme 2).

Treatement of 3a-c¢ with benzoyl chloride
gave the pyranopyrimidin-11-one derivatives
6a-c, while with formamide afford 11-amino-
3-methoxy-12-(p-halo-phenyl)-12H-
naphtho-[2,1-b]pyrano[2,3-d]pyrimidine
7a-c. Structures 7a-c is also supported by
independent synthesis of the same product
by ammonolysis of 8a-¢ in methanol at room
temperature (m.p and mix. m.p.) (Scheme 3).

Reaction of 3a-¢ with triethyl
orthoformate gave the corresponding
2-ethoxymethyleneamino derivative 8a-c.
Hydrazinolysis of 8a-¢ in ethanol at room
temperature yielded 10 - - amino -1 0 , 11
- dihydro - 11- imino - 3 - methoxy - 12-
(p-halo-phenyl) - 12H-naphtho [2,1-b] pyrano
[2,3-d]pyrimidine 9a-c. Aminolysis of 8a-c
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Table 1. Elemental analyses of the new compounds

Compd. Yield M.p. Mol. formula Found/calcd. (%)

No. (%) °0) (M) C H N

N - 1 GEPES AN 3N o
b 00 a1 SRR 8B W In
3c 86 256 C“gl,{i%Fg’OZ %23 3123 ;:(9)3
3d 79 168 CollnPrNO, P v 308
3e 82 173 ColluCONO, o740 492 a2
3f 77 187 C”3ng§.'F41§O ;gég g:%g géé
" g5 S T v S
4b 89 176 C“II&(;];TZQ ggég jég 2:3(2)
¢ 83 181 C”?gfgzq ;i?g 3:431? ;é?
5a 82 301 C“gl{g;}q giﬁig gg? 2:3(3)
sh 85 291 C”ZI&C,;;I}q 22;2 3:% gigg
5¢ 79 286 RN [ i s
6o 78 e )
6b 80 > 360 CZSI:&C;T 05 ;ggé 3:(1)8 ngg
o . I o (R
7a 70 331 C"I;tlls“f;l;pz 28:2411 g:;(l) gigg
7b 75 318 C”ggfgc,g& 2;:% 3:%2 13133
7e 71 294 C"?;ﬁ;ﬂoz 20 e 1125
8a 74 196 e 2 413 603
8b 77 211 C“l;ligscg 05 22123 323 2:23
N - 185 o v S ¢
I I
9b 81 256 C"I;‘I(‘)ZC.:I;T“OZ 22%3 3?3) ggi
0% 73 23 “ughas oy 441 1943
o s 6 C,H,BrN,0, 61.60 4.00 9.33

448.31 61.62 4.05 9.37
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C,H,CIN,O, 68.20 4.41 10.38
10b 80 257 ®403.86° 68.40 4.49 10.40
C,H_FN.O 71.29 4.63 10.82
10¢ 4 268 “387.40 7131 4.68 10.85
C,H,BrN.O, 62.87 4.80 8.78
Ia 76 204 * 47737 62.90 4.86 8.80
C,.H,CIN,O, 69.31 5.30 9.68
11b 7 218 “432.02° 69.36 535 9.71
C,H,FN,O, 72.00 5.52 10.02
le 73 197 “416.46 72.10 5.57 10.09
C,H BrN,OS 58,30 3.01 6.00
12a 83 272 * 45135 58.55 3.35 6.21
C,H CIN.OS 64.45 3.42 6.25
12b 8 287 * 406.88 64.94 3.72 6.88
C,H _FN.OS 67.30 3.54 7.01
12¢ 86 258 390.43 67.68 3.87 7.18
Table 2. Spectral data of the prepared compounds
Compd.
IR (v, cm™) 'H NMR (d, ppm) (DMSO-d,)
No.
3430, 3331 (NH,), 3015,2963, 2924, 3.80 (s, 3H, OCH.), 5.30 (s, 1H, pyrane CH),6.90
3a 2850 (stretchmg CH), 2210 (CN) (br, 2H, NH excﬁangeable) 7.0427.83 (m, 9H,
1690(C=C) Ar-H)
3.79 (s, 3H, OCH.), 5.20 (s, 1H, pyrane
3410, 3329 (NH,), 3058,2965, 2926
3b CH),6.91(br, 2H, i\l hangeable), 7.03-7.82
(stretching CH)3195 (CN), 1660 (C=C) o )§H A(r-rﬁ) » exchangeable),
3.80 (s, 3H, OCH,), 5. 20 (s, 1H, pyrane CH),6.90
3436, 3335 (NH,), 3017,2925, 2847
3¢ (iretehing CH).2310 (CN). 1690 (C=C) g‘arr_ é)H NH,, exchangeable), 7.01-7.83 (m, 9H,
138 (t, 3H, CH,, ] = 7.1Hz), 380 (s, 3H,0CH,),
34 3438.3317 (NH,), 2992,2922, 423 (q, 2H, CH,, J = 7 1Hz), 5.30 (s, 1H, pyrane
2831(stretch1ng CH) 1675 (CO) CH), 6.40 (br Zfl H,, exchangeable), 6.89-7.88
(m, 9H, Ar-H)
1.37 (t, 3H, CH,, ] = 7.1Hz), 384 (s, 3H,0CH,),
3e 3435, 3322 (NH,), 2925,2869 (stretching  4.30 (q, 2H CH,J= 7 1Hz), 5.30 (s, lH pyrane
CH), 1671 (CO) CH), 6.42 (br 2ﬁ H,, exchangeable), 6.90-7.88
(m, 9H, Ar-H)
138 (t, 3H, CH,, ] = 7.1Hz), 380 (s, 3H,0CH,),
3 3412,3314 (NH,), 2991,2932, 2873 423 (q, 2H, CH,, J = 7 1Hz), 5.31 (s, 1H, pyrane
(stretchlng CH), 1667 (CO) CH), 6.42 (br Zfl H,, exchangeable), 6.90-7.90
(m, 9H, Ar-H)
. 2.42 (s, 3H, COCH,), 3.78 (s, 3H, OCH,),5.76 (s,
4a ﬁgg(%‘g{))’ 3039,2953 (stretching CH), 1™t one’CH), 7.11-7.90 (m, 9K, Ar-H), 10.60
(br 1H, NH, exchangeable)
. 2.40 (s, 3H, COCH,), 3.76 (s, 3H, OCH,), 5.77 (s,
4b éﬁf 51;{{6)(,&(\)391722923(&9§2 (stretching 1} pyrane CH), 7.10-7.90 (m, 91, Ar-F), 10.60
’ ’ (br 1H, NH, exchangeable)
. 2.40 (s, 3H, COCH,), 3.77 (s, 3H, OCH,),5.78 (s,
4c %ﬁf gfg@%%%ﬁg@? (stretching  Jy "0 ane CH), 7.11-7.90 (m, 9H, Ar-H), 10.60
’ ’ (br,1H, NH, exchangeable)
s, 3433 (NH), 3011,2985,2924 (stretching 229 (s, 3H, CH,), 3.76 (s, 3H, O CH,), 5.70 (s, IH,

CH), 1664 (CO)

pyrane CH), 7.40-8.70 (m, 10H, Ar-H + NH)
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5h 3325(NH), 3004, 2961 (stretching CH)

1665 (CO)

5¢ 3325 (NH), 3004, 2961 (stretching CH)
1665 (CO)

6a 3343 (NH), 3010, 2961 (stretching CH)
1660 (CO)

6b 3343 (NH), 3010, 2961 (stretching CH)
1660 (CO)

6¢ 3343 (NH), 3010, 2961 (stretching CH)
1660 (CO)
3476, 3370 (NH,), 3002, 2993, 2924

7a (stretchlng CH), 1615 (C N), 1583
(C=C)
3470, 3371 (NH,), 3001, 2993, 2923

7b (stretchmg CH), 1615 (C N), 1582
(C=0)
3476, 3371 (NH,), 3002, 2992, 2925

Tc (stretchlng CH), 1614 (C N), 1582
(C=0)

8a 3042, 2986, 2950 (stretching CH), 2200
(CN), 1649 (C=N)

b 3042, 2986, 2950 (stretching CH), 2203
(CN), 1650 (C=N)

8¢ 3040, 2983, 2952 (stretching CH), 2203
(CN), 1650 (C=N)

9a 3316, 3270(NH,), 3210 (NH), 2949,
2898(stretch1ng CH), 1647 (C=N)

9% 3316, 3270 (NH,), 3209 (NH), 2948,
2899 (stretchmg CH), 1647 (C=N)

9¢ 3314, 3266 (NH,), 3207 (NH), 2948,
2897 (stretchmg CH), 1647 (C=N)

10a 3377 (NH), 3006, 2980, 2830 (stretching
CH), 1620 (C=N)

10b 3376 (NH), 3006, 2982, 2830 (stretching
CH), 1620 (C=N)

10¢ 3376 (NH), 3006, 2981, 2831 (stretching
CH), 1621(C=N)

1a 2983, 2924 (stretching CH), 2204 (CN),
1620 (C=N)

11b 2984, 2925 (stretching CH), 2204(CN),

1620 (C=N)

2.29 (s, 3H, CH,), 3.77(s, 3H, O CH,), 5.70 (s, 1H,

) 3.
pyrane CH), 7.39-8.70 (m, 10H, Ar-H + NH)
3.

230 (s, 3H, CH,), 3.76 (s, 3H, O CH,), 5.71 (s, 1H,
pyrane CH), 7.40-8.70 (m, 10H, Ar-H + NH)

3.77 (s, 3H, OCH,), 5.75 (s, 1H, pyrane CH), 7.40-
8.20 (m, 15H, Ar-H + NH)

3.79 (s, 3H, OCH,), 5. 76 (s, 1H, pyrane CH), 7.40-
8.20 (m, 15H, Ar-H + NH)

3.79 (s, 3H, OCH,), 5.77(s, 1H, pyrane CH), 7.40-
8.20 (m, 15H, Ar-H + NH)

3.79 (s, 3H, OCH,), 4.85 (br, 2H, NH,, exchange-
able),5.70 (s 1H, pyrane CH), 6. 90-7°98 (m, 9H,
Ar-H),8.40 (s, 1H, pyrimidine CH)

3.79 (s, 3H, OCH,), 4.85 (br, 2H, NH,, exchange-
able),5.70 (s 1H, pyrane CH), 6. 90-799 (m, 9H,
Ar-H),8.40 (s, lH pyrimidine CH)

3.79 (s, 3H, OCH,), 4.85 (br, 2H, NH,, exchange-
able), 5.70 (s 1H, pyrane CH), 6.90-7.99 (m, 9H,
Ar-H),8.40 (s, 1H pyrimidine CH)

1.41 (t, 3H, CH,, ] = 7.1Hz), 3.88 (s, 3H, OCH,),
4.45 (q, 2H, CH,, 1 = 7.1Hz), 5.28 (s, 1H, pyrane
CH),7.09-7.18 (i, 9H, Ar-H), 8.42 (s, 1H, N=CH)

1.40 (t, 3H, CH,, ] = 7.1Hz), 3.85 (s, 3H, OCH,),
4.4 (q, 2H, CH., ] = 7.1Hz), 5.30 (s, 1H, pyrane
CH), 7.10-7.20 (m, 9H, Ar-H), 8.40 (s, 1H, N=CH)

1.42 (t, 3H, CH,, ] = 7.1Hz), 3.86 (s, 3H, OCH,),
4.45 (q, 2H CIrf J=17.1Hz), 5.30 (s, 1H, pyrane
CH),7.10-7. 19(m 9H, Ar-H), 8.40 s, 1H N=CH)

3.80 (s, 3H, OCH,), 5.65(s, 1H, pyrane CH), 5.82
(br, 2H, NH,, exchangeable), 6.90-7.83 (m, 10H,
Ar-H+NH) 8.17 (s, 1H, pyrimidine)

3.80 (s, 3H, OCH,), 5.66(s, 1H, pyrane CH), 5.82
(br, 2H, NH excflangeable) 6.90-7.84(m, 10H, Ar-
H+NH) 8.16 (s, 1H, pyrimidine)

3.80 (s, 3H, OCH,), 5.66 (s, 1H, pyrane CH), 5.80
(br, 2H, NH excflangeable) 6. 90 7.82 (m, 10H,
Ar-H+NH) 8.16 (s, 1H, pyrimidine)

3.37 (s, 3H, NCH,), 3.83 (s, 3H, OCH,), 6.01 (s,
1H, pyrane CH), 7.02-7.94 (m, 9H, At-H), 8.30 (s,
1H, pyrimidine CH)

3.37 (s, 3H, NCH,), 3.83 (s, 3H, OCH,), 6.00 (s,
1H, pyrane CH), 7.02-7.93 (m, 9H, Ar-H), 8.31 (s,
lH pyrimidine CH)

>

3.36 (s, 3H, NCH,), 3.84 (s, 3H, OCH,), 6.01 (s,
1H, pyrane CH), 7.03-7.95 (m, 9H Ar—H) 8.31(s,
1H, pyrimidine CH)

3.10 (s, 3H, NCH)), 3.30 (s, 3H, NCH,), 5.60 (s,
1H, pyrane CH), 7.01-7.99 (m, 9H, Ar-H), 8.53 (s,
1H, N=CH)

3.10 (s, 3H, NCH,), 3.30 (s, 3H, NCH,), 5.61 (s,
1H, pyrane CH), 7.01-7.98 (m, 9H, Ar—H) 8.54 (s,
lHN =CH)
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2983, 2924 (stretching CH), 2205 (CN), ;10 (s, 3H, NCH,), 3.30 (s, 3H, NCH,), 5.61 (s,

11c 1620(C=N) %gzﬁzrcailﬁ CH), 7.01-7.98 (m, 9H, Ar-H), 8.54 (s,
ne R o, 3RO TS
g TSR T
ae o neeing it 800 MO S W e i

1647(C=N), 1040 (C=S) CH)

Table 3. Antimicrobial activity of the new compounds

Inhibition zone diameter in mm

Compd.

Staphylococ- Bacillus ce-  Escherichia Serratia Aspergillus Cal.ldida
No.? czll\sliéu][‘glis reus (ATCC- coli (NCTC- marcescens fumigatus é\;/})’i‘cggs_
7447) 14579 10410) (IMRU-70) (MTCC-3008) 227)
3a 20 20 21 22 9 11
3b 22 21 22 22 10 13
3c 20 22 20 21 9 10
3d 15 14 12 10 - -
3e 17 15 - 15 - -
3f - 11 10 10 - -
4a - 16 14 17 12 10
4b 18 15 13 15 11 10
4c - 10 16 - 10 9
5a 26 27 28 26 16 18
5b 27 28 28 26 17 17
Sc¢ 26 28 27 28 15 14
6a 25 26 25 27 18 15
6b 28 27 28 27 15 17
6¢c 26 28 25 27 17 16
7a 27 28 26 27 15 17
7b 26 27 27 26 14 18
Te 28 26 28 27 17 17
8a 15 - 14 - - -
8b 14 15 16 - - -
8c - - 12 11 - -
9a 22 22 22 20 13 16
9b 22 26 20 23 12 15

9¢ 22 20 20 21 17 18
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10a 20 21 22
10b 21 22 23
10c 20 20 22
11a 16 -- -
11b 15 17 -
11c 16 - -
12a 28 25 27
12b 26 27 24
12¢ 28 26 24

Ampicil-

lin Calfo- 22 22 22
ran

¢ =1mgmL" of new compounds in DMF.

1 2a-f

—_—

OH Ar
N Eton/Pip.
+
H X
H,CO

21 14 15
20 16 18
20 15 17
14 - -
18 - -
15 - -
25 15 13
26 16 14
25 14 16
22

20 20

6
HsCO_ 7

10 1

3-a-f

a, Ar = p-Br-C4Hy X=CN

b, Ar= p-Cl-Cﬁl 14 X = CN

¢, Ar = p-F-CgHy X=CN

d, Ar = p-Br-C4H, X =COOEt

e, Ar = p-CI-CgH, X =COOEt

f, Ar = p-F-C¢Hy X = COOEt
(Scheme 1)

with methylamine gave the corresponding
10-methyl-pyranopyrimidine derivative 10a-
¢, and with dimethylamine it gave 2-N,N-
dimethylaminomethylene derivatives 11a-c.
Condensation of 8a-c with H.S yielded a
product that was identified as 10,11-dihydro-
3-methoxy-12-(p-halophenyl)-12H-
naphtho-[2,1-b]pyrano[2,3-d|pyrimidine-
11-thione (12a-c). When 8a-c¢ was treated
with phenylhydrazine in ethanol at room
temperature, an addition product formed,
from which elimination of ethyl formate

phenylhydrazone gave the enaminonitrile
3a-c (Scheme 3).

It was found that compounds Sa-c, 6a-c
,7a-¢, 10a-c and 12a-c possess a pronounced
antimicrobial activity against all tested
microorganisms, namely, markedly stronger
antimicrobial activity against both Gram-
positive and Gram-negative bacteria than
ampicillin. Compounds 3b and 9a exhibited
equal activities as ampicillin towards
Staphylococcus aureus and Escherichia coli,
compounds 3¢, 9a and 10b the same activities
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HCO,

Ar

cN
PhCOC] Acy0 .
30 min,
/}\ 0 NHCOCH;
ba-¢ da-c
- 32.C ——

HCONH, CH,CN
B EE—— .
v CHy Dry HCI gas
6 N M 8 7 8
Ta-c Sa-c
a, Ar=p-Br-CgHy
b, Ar=p-CI-CgH,
(Scheme 2) ¢, Ar = p-F-CgHy
NH,
— Ta-¢
H4CO,
NH,NH,.H,0
e
H4CO
Ar
N
CH(OEt),
dag ————————
CHOEt
=
0 N/

10a-¢
H4CO

— =

Ar
CN
PhNHNH, (CHy),NH .

CHM(CHa)s
O N/

N
‘ F\_CHOE
0 ﬂ/]
(NH-NHPh
“ H,S

a, Ar = p-Br-CgH,
b, Ar = p-CI-C4Hy
12a-¢ ¢, Ar=p-F-CgH,

(Scheme 3)
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towards Bacillus cereus, compounds 3a and
3b also the same effect against towards
Serratia marcescens while compound 10a
and 10c similar activities towards Escherichia
coli, compared with ampicillin.

Compounds 5a-c, 6a-c ,7a-c, 10a-c and 12a-
¢ showd moderately inhibition to Claforan
towards Aspergillus fumigatus and Candida
albicans .

The remaining compounds differed in their
ability to inhibit the growth of microorganisms
in dependence on their chemical structure
and are all less effective than ampicillin.
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Pathology of the Aquatic Fungus Coelomomyces Stegomyiae

in Adult Female Aedes Aegypti
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M.A.Mabrouk
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Abstract

Fungi of the genus Coelomomyces infect adult female mosquitoes Aedes aegypti moving
from infected fourth instar larvae and develop within the adult hemocoel. Adults usually
survive until they take a blood meal. To examine this pathology, adults A. aegypti infected
with C. stegomyiae were chemically fixed, embedded in epoxy and sectioned for light mi-
croscopy. While C. stegomyiae directly invade fat body cells, hyphae were also developed
within muscles, Malpighian tubules, tracheoles, hemopoietic organs, and ovaries. Hyphae
were ramified throughout the fat body in the lymphatic spaces between trophocytes leading
to cell lyses and depletion of the fat body, then they gradually develop and severely effect
the other tissues. For these reasons, Coelomomyces species and in particular C. stegomyiae
remains a candidate for use in classical biological control.

Keywords: Biological control, Aedes aegypti, Coelomomyces stegomyiae

1. INTRODUCTION

The fungus Coelomomyces (subdivision
Mastigomycotina, class Chytridiomycetes,
order Blastocladiales) is an obligate parasite
that alternates its sporophytic stages between
mosquitoes and copepods or ostracods, re-
spectively (Couch et al., 1985, Lucarotti et
al., 1995, Shoulkamy 1996, Whisler 1985).
Coelomomyces zygotes preferentially en-
cys on the intersegmental membranes of
the host mosquito larvae (Travland 1979,
Zebold et al., 1979). Larvae with patent
Coelomomyces infection will die in the final
instar, however, larvae with light infections
may pupate and eclose to produce infected
adults. Infected adult males contain resting
sporangia in the hemocoel, which get dis-
persed when the infected male dies and de-
composes in another breeding site (Lucarot-
ti 1987). The infection of adult females is
mostly localized in the ovaries (Lucarotti,
1987, Shoulkamy, 1996), but the hyphae in
the ovaries will only ma ture to resting spo

rangia following a blood meal (Lucarotti et
al., 1988). In infected female Aedes aegypti
pupae and adults, fungal hyphae were ob-
served in the tracheal and cuticular epithe-
lial cells in addition to fat body ( Lucarotti,
1992, Shoulkamy et al., 2000). Possibly be-
cause of the belief that Coelomomyces de-
velops by absorbing nutrients while floating
in the hemocoel (Couch et al., 1963). Several
studies on the development of Coelomomy-
ces in the adult have been focused on hyphal
growth and maturation to resting sporangia
(Federici et al., 1986, Madelin et al., 1972,
Martin 1969, Lucartotti 1992, Shoulkamy
1996) and not on its actual pathology in the
adult. In the present study, the pathology of
Coelomomyces stegomyiae in adult female
Aedes aegypti was investigated.

2. MATERIALS AND METHODS
Maintenance of the colony Aedes aegypti
(L.) (Diptra, Culicidae), Phyllognathopus

E-mail:shoulkamy3@yahoo.co.uk

ISSN: 6050-1658
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viguieri (Maupas), (Copepoda, Harpacticoi-
dae), and Coelomomyces stegomyiae Kei-
lin (Chytridiomycetes, Blastocladiales) and
their infection with C. stegomyiae has been
described (Shoulkamy et al., 1997). Adults
A. aegypti were held in 0.03 m3 insect cag-
es (American Biological Supply, Baltimore,
MD) and fed warmed bovine blood (ap-
proximately 370C) supplemented with 5%
Isoleucine and 5% adenosine triphosphate
through a parafilm membrane stretched over
an artificial feeder. Fresh split raisins were
also provided as an additional source of nu-
trition. Specimens were dissected in 2.5%
glutaraldehyde and then fixed for 3h in 2.5%
glutaraldehyde made in 0.1 M sucrose and
0.05 M sodium cacodylate buffer, pH 7.4, at
200C according to the method of Lucarotti
et al., (1988). Samples were rinsed in 0.1 M
sucrose, 0.05 M sucrose, and 0.025 M su-
crose made in 0.05 M sodium cacodylate,
pH 7.4 and finally in buffer alone, 15 min
each. Afterwards, samples were post-fixed
for 3h, in the dark at 200C, in 1% osmium
tetroxide in 0.05 M sodium cacodylate, pH
7.4. Subsequently, samples were rinsed
in two changes of 0.05 M buffer, 15 min.
each, followed by a 15 min. rinsed in dis-
tilled water and then stained en bloc, over-
night at 40C, in 2% aqueous uranyl acetate.
Afterwards, samples were dehydrated in
an acetone series (30 to 100%) and embed-
ded in Epon-Araldite (Mollenhauer 1964).
Sections, 1 um thick for light microscopy,
were cut using a Diatome Histo knife on
an RCM MT-7 ultramicrotome. Sections
were then transferred to acid- cleaned slides
(Angerer and Angerer 1989) using a thin
metal loop and dried onto the slides over-
night at 800C under vacuum (-80 KPa).
Sections were stained in warm 0.1% tolu-
idine made in 2.5% aqueous sodium carbon-
ate, pH 11.1 (Trump et al., 1961), rinsed in
tap and distilled water, dried, and mounted
in Permounttm(Fisher Scientific, Ottawa,

Ontario). Photomicrographs were taken on
IlIford XP-2 film (Mobberley, United King-
dom) using a Carl Zeiss West Germany pho-
tomicroscope.

3. RESULTS

The pathology of C. stegomyiae in the
adult female mosquito Aedes aegypti was
classified into three stages, early, intermedi-
ate, and late, according to the development
of the fungal hyphae in resting sporangia
and depending on whether blood feeding
had occurred.

4. EARLY STAGE

Hyphagen and hyphae are wall-less coe-
nocytic and contain many nuclei (Plate I,
Figs. 1 and 2). Hyphae were observed just
under the cuticle (Plate I, Fig.1), then be-
tween the fat body (Plate I, Figs. 2 and 3), in
the hemocoel (Plate I, Fig. 4), around some
organs such as the hemopoietic organ, Mal-
pighian tubules, and muscles (Plate I, Figs.
4,5, and 6).

Gradually, hyphae ramify between the
fat body causing signs of lysis (Plate II, Figs.
1, 3, and 5) leading to a depletion of the fat
body cells. Similarly, hyphae were distribut-
ed around Malpighian tubules (Plate II, Fig.
2), muscles (Plate II, Fig. 3), hemopoietic
organ (Plate 11, Fig. 4) and tracheole (Plate
11, Fig. 6).

Intermediate stage. Body fat was almost
absent from some parts of the peripheral
area, while others were invaded by hyphae
and severely degraded (Plate III, Figs. 1
and 2). Hyphae were concentrated, to some
degree, around some organs such as trache-
oles (Plate III, Figs. 3 and 4). Moreover,
they caused some degradation of the muscle
myofibrils (Plate III, Fig. 4). In the hemo-
coel, however, hyphae started to differenti-
ate into resting sporangia (Plate III, Figs. 5
and 6).

Late stage. Hyphae and resting sporangia
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were found at various degrees of maturation
displacing much of the fat body and hemo-
coel (Plate IV, Figs. 1 and 2). In this stage,
hyphae were also appressed to the adult fe-
male ovary (Plate IV. Fig. 1). As in the case
with egg production in healthy adult fe-
males, development and maturation of fun-
gal resting sporangia were dependent on the
female taking at least one blood meal (Plate
IV, Figs. 3-6). Cleavage furrows, meiozoo-
spores, dehiscence slit and gelatinous plugs
were first observed in thin-walled resting
sporangia at or near the “go” stage in the
ovaries (Plate 1V, Fig. 6). There also ap-
peared to be some fungus related damage to
follicles following the blood meal (Plate IV,
Figs. 3-6).

5. DISCUSSION

Early taxonomical studies on the genus
Coelomomyces were limited with many
more species being described after 1940
(Couch et al., 1985). Currently, there are
more than 50 described species of Coelomo-
myces from more than 22 genera and at least
135 species of mosquitoes (Anopheles, Cu-
lex, Psorophora, and Uranotaenia) and two
species of chironomids (Couch et al.,1985).

The information on the actual pathol-
ogy of Coelomomyces in mosquito adults
was limited. As previously reported the fun-
gal hyphae and hyphagens of Coelomomy-
ces species migrate through the penetration
tube, infect the cuticular epithelial cells, and
then enter the hemocoel (Travland 1979 and
Lucarotti 1992).

Hyphagens that first enter the hemocoel
originate from hyphae, which migrate dur-
ing the pupal and young adult stages. Then,
they occupy the interstitial spaces of the
ovaries (Lucarotti 1992, Lucarotti et al.,
2000, Shoulkamy et al., 1997). Previously,
Coelomomyces has been described as de-
veloping in the hemocoel at the expense of
the fat body (Couch 1968). The means by

which fungal hyphae accomplish this has
not been made clear. The sense given in a
number or reports was that Coelomomyces
hyphae in the hemocoel absorb nutrients
directly from the hemocoel and indirectly
from the fat body (Couch 1968, Shoulkamy
1997, Shoulkamy et al., 2000). In the pres-
ent study, it is evident that infection by C.
stegomyiae was aggressive with hyphae di-
rectly invading fat body in addition to mus-
cles, Malpighian tubules, tracheoles, hemo-
poietic organs, and ovaries.

Federici et al., (1986) and Lucarotti aet
al., (1984) reported that both the diploid and
haploid hyphae of C. dodgei are wall-less,
but they are covered by a thin fibrous coat.
The absence of rigid wall could allow hy-
phae to migrate between cells in the affected
tissues and to squeeze through openings cre-
ated by the fungus in the basal lamina and
other connective tissues. Consequently, hy-
phae of C. stegomyiae enter and aggregate
in the interstitial spaces of the ovaries, but
they do not directly infect follicle or ger-
maria cells (Lucarotti 1992, Lucarotti et
al., 1988, Lucarotti et al., 2000). Similarly,
in larval 4. aegypti C. stegomyiae hyphae
penetrate the basal lamina of a number of
tissues, but they do not enter the individual
cells of these tissues. These tissues, how-
ever, show signs of sever deterioration over
the course of infection (Shoulkamy et al.,
2000).

Hyphae are transferred to the ovaries at
least by tracheole epithelial cells, which har-
bor the infection (Lucarotti 1992, Shoulka-
my 1996). Hyphae migrate into the ovaries;
the adult produces tracheoles to meet the
increased demand for gaseous exchange
during maturation of the ovaries (Wiggles-
worth 1954, 1959, and 1991). Within 72
hours after eclosion of infected adult fe-
males, the ovaries are distended and full of
hyphae (Lucarotti et al., 1988, Shoulkamy
1996). These hyphae mature only to rest-
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ing sporangia following blood meals in re-
sponse to 20-hydroxyecdysone (Lucarotti
1987, Lucarotti 1992, Lucarotti et al., 1988,
Shoulkamy 1996). In order to fully mature
all of the hyphae in the infected ovaries,
the females must take more than one blood
meal (Lucarotti 1987, Lucarotti et al., 1988,
Shoulkamy et al., 2000). Lucarotti (1992),
Lucarotti et al., (1988), Shoulkamy (1996),
and Shoulkamy et al., (2000) assured the
fact that fungal hyphae do not damage the
ovarian follicles particularly the follicular
epithelium. As this happens, it would dis-
rupt the production of 20 hydroxyecdysone
effectively interrupting the hormonal feed
back system that controls reproductive be-
havior in adult female mosquitoes (Hage-
dorn 1986).

Coelomomyces is part of a complex of
biotic and abiotic factors that affects the
natural dynamics of mosquito populations.
Coelomomyces has widely been reported to
cause epizootics in mosquito larval popula-
tions and it can cycle in the environment.
Additionally, infection of adult female mos-
quitoes with C. stegomyiae allows it to be
dispersed to new habitats (Lucarotti et al.,
1995, Shoulkamy et al., 2000). The fact that
Coelolmomyces species require alternate
hosts to complete their life cycle and that
they cannot be cultured in vitro negate their
eligibility as microbial adulticides such as
Bacillus thringiensis var. isrealensis (Fed-
erici 1993). Coelomomyces spp. have been
widely reported to cause epizootics environ-
ments. For these reasons, Coelomomyces
species and in particular C. stegomyiae re-
mains a candidate for use in classical bio-
logical control.
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Plate 1. Coelomomyces stegomyiae and adult female Aedes aegypti tissues: mass of hyphae
(H) between cuticular epithelium (Ce) and fat body (Fb) (Fig.1, x640); mass of hyphae (H)
between lobes of fat body (Fb) in the abdomen of infected adult (Fig. 2, x800); hyphae (H)
within the fat body (Fb) (Fig. 3, x800); Hyphae (H)between hemopoietic organs and muscle
(Fig. 4, x640); round hyphae (H) floating freely in the hemocoel and around Malpighian
tubules (Mt) (Fig. 5, x640); round hyphgen (H) floating freely in the hemocoel between fat
body (Fb) and muscles (M) (Fig. 6, x640).
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Plate II. Coelomomyces stegomyiae and adult female Aedes aegypti tissues: elongate hy-
phae lie within the fat body(Fb) below the cuticle (C) of the adult (Fig. 1); round hyphae
(H) floating freely in the hemocoel of the adult and around the Mlpighian tubules (Mt) (Fig.
2); hyphae (H) in the fat body (Fb) and adjacent to the muscle bundles(M) (Fig. 3); elongate
hyphae (H) surround the hemopoietic organ (Ho) (Fig. 4); round hyphae (H) floating in the
hemocoel and between the tracheole (T) (Fig. 5); elongate hyphae (H) surround the trache-
ole (T) (Fig. 6). All Figs.X640.
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Plate III. Coelomomyces stegomyiae and adult female Aedes aegypti tissues: hyphae (H)
can be seen appressed against the fat body (Fb) in the hemocoel and around the Malpighian
tubules (Mt) (Fig. 1, x640); elongate hyphae (H) in the hemocoel surround lipid globules
(Lg) from deteriorating fat body (Fig. 2, x640); some hyphae (H) floating in the hemocoel
between the muscle (M) and tracheoles (T) (Fig. 3, and 4, x800 and x1000 respectively);
hyphae (H) floating freely in the hemocoel and some of them have begun to differentiate to
resting sporangia (Rs) (Fig. 5, and 6, x 640).
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Plate IV. Coelomomyces stegomyiae and adult female Aedes aegypti tissues: where the fat
body (Fb) was invaded by C. stegomyiae hyphae (H): the degree of fat body degradation
could be limited or complete (Fig. 1, and 2, x500); ovaries (O) were filled with hyphae
and some of un- matured resting sporangia (Rs) appeared attacking the follicle (F) (Fig. 3,
x625); some hyphae (H) but not all have matured to resting sporangia (Rs); one of the rest-
ing sporangia (Rs) was found inside the follicle (Fig. 4, x625); o varies were filled with rest-
ing sporangia (Rs) (Fig. 5, x625); cleavage furrows and meiozoospores (Mz); dehiscence
slit could be seen in thin -walled resting sporangia (Fig. 6, x625).
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Abstract

During a survey of the insect fauna of Asir, south-western Saudi Arabia using mainly Mal-
aise traps and sweep nets between 2001 and 2006, ten species of Tachinidae were identi-
fied and recorded in this study, eight of which are reported from Saudi Arabia for the first
time. Thirteen species of Tachinidae are now known for Saudi Arabia. Comments on the
taxonomy and geographical distribution of the species recorded in this study are given.
The ten species collected represent tachinids of Palaearctic and Afrotropical affinities. A
further new species is reported but a male is required before it can be formally described.
The need for further field and laboratory work and surveillance is highlighted.

Keyword: Diptera, Tachinidae, Parasitoid, Biological control, Oestroidea, Calyp-
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1. INTRODUCTION

Tachinidae are poorly known for most of
the Middle East. Seven species have been
reported from Iraq (Abdul-Rassoul, 1976;
Al-Ali, 1977). Al-Houty (1989) reported
two species of Tachinidae from Kuwait.
Zeegers (2007) recorded 83 species of Tach-
inidae from Yemen belonging to 62 genera
of which 16 species and two genera were
newly described. Zeegers (2010) recorded
34 species from the United Arab Emirates.
In contrast, Kugler (1979) listed 286 species
of Tachinidae from Israel, the West Bank,
the Golan Heights and Mt. Hermon, clearly
indicating that this family is much more di-
verse than other studies have shown. The
list of these territories has been updated by
Cerretti & Freidberg (2009) and now there
are 299 species listed in Israel. Al-Ahmadi
& Salem (1999) listed only five species of
Tachinidae in Saudi Arabia.

The family Tachinidae is a member of the
superfamily Oestroidea which includes the
families Sarcophagidae, Callphoridae, Oes
tridae and Rhinophoridae and Mystacinobi

-idae. Tachinidae is one of the largest fami-
lies of Diptera with almost species 10,000
described species worldwide and many thou-
sands of undescribed species (Irwin, et al.,
2003; Stireman, et al., 2006; O’Hara, 2010).
The species numbers are especially decep-
tive because only the faunas of the Palaearc-
tic (Herting & Dely-Draskovits, 1993) and
Nearctic regions (O’Hara & Wood, 2004) are
relatively known. Tachinidae is an immense
and taxonomically difficult family. The tax-
onomy of Tachinidae is largely based on the
morphological characters of its adult flies,
but also on reproductive habits and the im-
mature stage. Members of the family Rhi-
nophoridae are superficially very similar to
some Tachinidae but they lack or have only
a weakly swollen subscutellum. Apart from
some members of the tribe Catharosiini,
Tachinidae can be easily recognized by their
convex subscutellum and row of meral (hy-
popleural) setae. In the field they are usu-
ally easily distinguished from other larger
flies by their rapid gait and their outspread
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wings which are also kept outspread when
at rest. Some species of Tachinidae are of-
ten bare (e.g., subfamily Phasiinae) while
most species are often conspicuously bristly
(e.g., subfamily Exoristinae). There are four
subfamilies of Tachinidae which are rec-
ognized currently: Exoristinae, Tachininae,
Phasiinae and Dexiinae.

Tachinidae are found in nearly all terres-
trial environments and despite their abun-
dance, diversity, and ecological importance,
relatively little is known about the evolu-
tionary history, ecology and behaviour of
tachinids (Stireman, et al., 2006; O’Hara,
2010).

Tachinidae are classified as koinobiont
because they do not kill their hosts imme-
diately after parasitization (Askew & Shaw,
1986; Stireman, et al., 2006) (but there are
exceptions: see English-Loeb, 1990). On the
other hand, Dindo (2010) stated that Tach-
inidae do not fit well into the koinobiont/
idiobiont dichotomy because only some
species show a high degree of physiological
adaptation to the host, whereas the larvae of
other species grow quickly following their
attack on the host and kill the host rapidly,
thus behaving more as idiobionts. They
parasitize larvae of Lepidoptera, larvae or
adults of Coleoptera Others attack adults of
Hemiptera (e.g., Phasiinae), larvae of Hy-
menoptera (sawflies and social Vespoidea)
and Orthoptera. Tachinid parasitism of other
Diptera is rare. Tachinidae do not parasitize
the Isopoda (woodlice) but the related fam-
ily Rhinophoridae does (Crosskey, 1977;
Zeegers, 2008); no species of Tachanidae
are known to attack pupal or egg stages of
their hosts (Herting, 1960; Stireman, et al.,
2006).

Though most tachinids belong to solitary
parasitoids, gregarious forms are not rare.
Some species of Tachinidae parasitize many
species of insects in several orders, for ex-
ample Compsilura concinnata Meigen at-

tacks more than 200 species in 12 families
of several insect orders. Many Tachinidae
are parasitoids of many important pest in-
sects as well as some millipedes, centipedes
and spiders (Vincent, 1985; Wood, 1987,
Williams, et al., 1990). Therefore, more than
100 species of tachinids have been used as
biological control agents of crop and for-
est pests (e.g., Bessaremota Aldrich, 1925)
against the coconut moth Levuana iride-
scens Bethune-Baker, 1906 (Zygaenidae)
(for review see: Grenier, 1988; van Emden
& Service, 2004; O’Hara, 2008). As many
species of Tachinidae typically feed on pol-
len, they can be important pollinators of
some plants, especially of higher elevations
in mountains where bees decrease in num-
bers. Tachinid flies are however regarded as
pests by silkworm rearers (e.g., Uzi fly Ex-
orista sorbillans Wiedeman, 1830) or when
attacking Lepidoptera and Coleoptera that
are themselves useful biological agents of
noxious weeds.

Egg morphology of tachinids is related to
whether the female lays her eggs on the
host (externally or internally) or lays her
eggs away from the host. A more modern
and very relevant introduction is given by
O’Hara (2008), which summarized the ex-
isting knowledge of the biology and classifi-
cation of Tachinidae.

The biology of Tachinidae is interesting
and diverse especially in (1) the adaptations
of the female reproductive system, (2) the
morphology of the immature stages (3) in
the relations between the larvae and their
hosts (for details and more information see
Ferrar 1987). However, our knowledge of
the ecology of most tachinid species is at
best rudimentary, hampered by practical is-
sues such as inability to breed most species
in the laboratory. The objective of the pres-
ent paper is to report the Tachinidae collect-
ed in south-western Saudi Arabia, together
with new records, world-wide distribution
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of the species recorded, some taxonomic
remarks and to summarise all the available
literature about Tachinidae of Saudi Arabia.

2. MATERIAL AND METHODS

Malaise traps were set up by the au-
thor and were operated during time periods
between 2001 and 2006 in Saudi Arabia in
four localities in Asir (a province of south-
west Saudi Arabia): (1) a farm located in the
centre of Abha; (2) a farm located in Abha,
Hay Al-Sed, Madenate Al-Ameer Sultan;
(3) Al-Hudaithy fruit farm in Maraba and
(4) Al Rakaba, Alhurytha, 90 km south of
Abha. These sites were visited every week
to collect the insects and replenish alcohol
in the collecting containers. A collection of
voucher specimens of all species collected
were deposited in the National Museum of
Wales, Cardiff (NMWC). Available speci-
mens were also deposited in the Research
Centre for Environmental Studies, Jazan
University (RCES). Specimens of Tach-
inidae were identified to species level by
Dr Theo Zeegers using van Emden (1945;
1947; 1960) and Mesnil (1944-1945). When
necessary genitalia dissections were made
and placed in microvials beneath speci-
mens. The distribution sections and nomen-
clature of the species of Tachnidae reported
in this study are based on Crosskey (1980)
and Herting & Dely-Draskovits (1993). The
Tachinidae classification to subfamilies is
according to Herting & Dely-Draskovits
(1993). The countries of species distribution
are arranged alphabetically and according
to their geographical zones. References to
the original descriptions of the genera and
species, together with details of synonymy
will be found in Crosskey (1980) and Hert-
ing & Dely-Draskovits (1993) and are not
repeated here.

3. RESULTS
Ten known species of Tachinidae were iden-

tified during this study, eight of which rep-
resent new country records for Saudi Arabia.
The total number of species of Tachinidae
known for Saudi Arabia is 13.
Subfamily Dexiinae

Periscepsia carbonaria (Panzer, 1798)
Musca carbonaria (Panzer, 1798). - Fauna
Insectorum Germaniae 54:15.
Five synonyms are listed in Herting & Dely-
Draskovits (1993:379)
Specimens examined: Saudi Arabia: 2 9,
Abha Farm Centre, 180 50’ N 420 30’ E,
2150m, Malaise trap, 3rd March.-3rd June,
2001, H.A. Dawah, NMWC, 19, RCES.
Distribution: This is the first record of this
species from Saudi Arabia. It was described
from Austria and further recorded from the
following areas (Crosskey, 1980; Kugler
,1979; Herting & Dely-Draskovits, 1993;
Zeegers, 2007): Palaearctic Region: Europe
Israel. Afrotropical Region: widespread
north East of Africa to southern Africa, Ye-
men. Oriental Region: India.
Remark: Members of the subfamily
Dexiinae are exclusively parasitoids of Lep-
idoptera and Coleoptera.
Stomina sp. (Plate 1)
Specimens examined: Saudi Arabia: 19,
Abha Farm Centre, 180 50° N 420 30’ E,
2150m, Malaise trap, 3rd March.-3rd June,
2001, H.A. Dawah, NMWC.
Remark: The female specimen of Stomina
represents a new species, but a male is re-
quired before it can be formally described
as a new species (T. Zeegers pers. comm.).

4. SUBFAMILY EXORISTINAE

Gonia bimaculata Wiedemann, 1819
Gonia bimaculata Wiedemann, 1819. - Zo-
ologisches Magazin Kiel 1(3): 25 Herting &
Dely-Draskovits (1993:258) list three syn-
onyms.

Specimens examined: Saudi Arabia: 19,
Abha, Madinat al-Ameer Sultan, 15 Km E
of Abha, 180 50° N 420 40’ E, 2150m, Mal-
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aise trap, 25 Feb.-25th May. 2002, H.A.
Dawah, NMWC.

Distribution: This species was previously
recorded from Saudi Arabia by Shalaby
(1961). This species was originally de-
scribed from South Africa and further re-
corded from the following areas: Palaearctic
Region: Canary Islands, Southern Europe,
China, Israel, Tunisia. Afrotropical Region
widespread (excluding W. Africa): Yemen.
Oriental Region: China (Kugler, 1979;
Crosskey, 1980; Herting & Dely-Draskov-
its, 1993; Zeegers, 2007).

Drino (Palexorista) parachrysops (Bezzi,
1925)

Sturmia (Palexorista) parachrysops Bezzi,
1925. - Bulletin of Entomological Research
16: 114

Specimens examined: Saudi Arabia: 19,
Abha, Madinat al-Ameer Sultan, 15 Km E
of Abha, 180 50’ N 420 40’ E, 2150m, Mal-
aise trap, 25 Feb.-25th May. 2002, H.A.
Dawah, NMWC.

Distribution: This is the first record for
Saudi Arabia. It was described from Ma-
laya and further recorded from the follow-
ing areas (Crosskey, 1980; Zeegers, 2007):
Afrotropical Region: Ghana, Kenya, Malj,
Nigeria, Yemen, Senegal. Oriental Region:
Sri Lanka, India.

Dolichocolon paradoxum Brauer & Ber-
genstamm, 1889

Dolichocolon paradoxum Brauer & Bergen-
stamm 1889. - Denkschriften der Kaiserli-
chen Akademie der Wissenschaften. Wien.
Mathematisch- Naturwissenschaften Klasse
56: 100 and 165.

One synonym is listed in Herting & Dely-
Draskovits (1993:251)

Specimens examined: Saudi Arabia: 19,
Abha Farm Centre, 180 50’ N 420 30’ E,
2150m, Malaise trap, 3rd March.-3rd June,
2001, H.A. Dawah, NMWC

Distribution: This is the first record of the
genus for Saudi Arabia.

Remark: Dr P. Cerretti (per.comm.) has
kindly drawn to my attention the fact that
more than a single species exists in mate-
rial identified by this name. Separation is
possible only by the examination of males.
Regrettably, the single specimen listed here
1s a female, and so the identification cannot
be performed to species level with absolute
certainty There are some specimens identi-
fied as D. paradoxum from Iraq in the Natu-
ral History Museum, London.

5. SUBFAMILY PHASIINAE
Leucostoma obsidianum (Wiedemann,
1830)

Tachina obsidianum Wiedemann, 1830. -
Aussereuropdische zweifliigelige Insekten
2:341

One synonym is listed in Herting & Dely-
Draskovits (1993: 420)

Specimens examined: Saudi Arabia: 29,
Abha, Madinat al-Ameer Sultan, 15 Km E
of Abha, 180 50’ N 420 40’ E, 2150m, Mal-
aise trap, 25 Feb.-25th May. 2002, H.A.
Dawah, 19, NMWC, 19, RCES.
Distribution: This is the first record of this
species in Saudi Arabia. It was described
from Sudan and further recorded from the
following areas (Herting & Dely-Draskov-
its, 1993; Zeegers, 2007): Palaearctic Re-
gion: Europe, Israel. Afrotropical Region:
Yemen.

Remark: Members of the subfamily Pha-
siinae are exclusively parasitoids of Hemip-
tera. In Leucostoma Meigen 1803 females
have pincer-like projections on the apex of
the abdomen which are part of the genital
system (Plate 2). These can be diagnostic
in structure. Unlike parasitic Hymenoptera,
tachinids lack a primitive piercing oviposi-
tor, with the exception of a few groups (most
phasiinae, e.g., L. obsidianum), in which
piercing structures have evolved from modi-
fied sternites.

Besseria longicornis Zeegers, 2007
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Besseria longicornis Zeegers, 2007. - Fau-
na of Arabia 23: 402.

Specimen examined: Saudi Arabia: 17, As-
eer Al Rakaba Alhurytha, 90 km South of
Abha, 170 07° N 420 39’ E, 60m, Malaise
trap, 3rd Feb. 2006, H.A. Dawah, NMWC
Distribution: This is the first record of this
species from Saudi Arabia. It was described
recently from Yemen by Zeegers (2007).

6. SUBFAMILY TACHININAE
Fischeria bicolor  Robineau-Desvoidy,
1830

Fischeria bicolor Robineau-Desvoidy,
1830. - Essai Myod: 101.

Four synonyms are listed in Herting & De-
ly-Draskovits (1993:344)

Specimens examined: Saudi Arabia: 17,
Abha, Madinat al-Ameer Sultan, 15 Km E
of Abha, 180 50’ N 420 40’ E, 2150m, Mal-
aise trap, 25 Feb.-25th May. 2002, H.A.
Dawah & M.A. Abdullah, NMWC.
Distribution: This is the first record for Sau-
di Arabia. It was described from France and
further recorded from the following areas
(Crosskey, 1980; Kugler, 1979): Palacarc-
tic Region: Europe, Iran, Israel, Malta, and
Italy.

Remarks: This species is a member of the
Tachininae which are parasitoids of Lepi-
doptera and Coleoptera. Fischeria (Rob-
ineau-Desvoidy, 1830) is placed as a syn-
onym of Leskia (Robineau-Desvoidy, 1830)
in Crosskey (1980:844). However, it is rec-
ognized as a valid genus by Tschorsnig &
Richter (1998). Kugler (1979) reported that
he reared F. bicolor from pyralid moth lar-
vae in Israel.

Peleteria varia (Fabricius, 1794)

Musca varia Fabricius, 1794. — Entomo-
logia systematica emendate et aucta. Se-
candum classes, ordines, genera, species
adjectis synonimis, locis, observationibus,
descriptionibus. Hafnine, 4: 327.

Three synonyms are listed in Herting & De-

ly-Draskovits (1993:344)

Specimens examined: Saudi Arabia: 1 &,
Maraba, 60 Km South of Abha, 170 54’ N’
420 23’ E, 80m, Malaise trap; 1st-31st De-
cember, 2004; H.A. Dawah, NMWC
Distribution: This is the first record of this
species in Saudi Arabia. It was described
from “India Orientalis” and further recorded
from the following areas (Herting & Dely-
Draskovits, 1993): Palaearctic Region: Eu-
rope, North Africa (Algeria),

Mintho praeceps (Scopoli, 1763)

Musca praeceps Scopoli, 1763. - Methodo
Linnaeana: 333.

Five synonyms are listed in Crosskey (1980)
Specimens examined: Saudi Arabia: 17,
Abha, Madinat al-Ameer Sultan, 15 Km E
of Abha, 180 50’ N 420 40’ E, 2150m, Mal-
aise trap, 25 Feb.-25th May. 2002, H.A.
Dawah , NMWC.

Distributions: This is the first record for
Saudi Arabia. It was described from Spain
and further recorded from the following ar-
eas (Kugler, 1979; Herting and Dely-Dras-
kovits, 1993; Zeeger, 2007): Palaearctic
Region: Algeria, Canary Islands, Egypt,
Europe, Israel, Morocco, North Africa, Ye-
men.

Microphthalma europaea Egger, 1860
Microphthalma evropaea Egger, 1860. -
Verhandlungen des Zoologisch-Botanischen
Vereins in Wien, 10:801

Four synonyms are listed in Herting & De-
ly-Draskovits (1993: 351)

Specimen examined: Saudi Arabia: 109,
Abha, Madinat al-Ameer Sultan, 15 Km E
of Abha, 180 50’ N 420 40’ E, 2150m, Mal-
aise trap, 25 Feb.-25th May. 2002, H.A.
Dawah, 89, NMWC, 29, RCES.
Distribution: This is the first record of this
species in Saudi Arabia. It was described
from Austria and further recorded from the
Palaearctic Region: Algeria, Europe, North
Africa (Herting & Dely-Draskovits, 1993).
Discussion:
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In this survey of the Tachinidae of south-
western Saudi Arabia, ten species were
found, eight of which represent new coun-
try records for Saudi Arabia. With these
records, a total of 13 species of Tachinidae
are currently known to occur in Saudi Ara-
bia (Table 1). Interestingly, the ten spe-
cies collected represent tachinid species of
equal Palaearctic and Afrotropical affinities.
More than 2,600 species of Tachinidae are
known from the Palaearctic and Afrotropi-
cal regions (O’Hara, 2010), an indication
that the potential of the number of species
that occur in Saudi Arabia is much higher
than currently known. For example the
number of species of Tachinidae recorded
from Israel or Yemen is much higher, and
may reflect the actual diversity of these flies.
It is expected that many species of the Tach-
inidae from the surrounding countries will
eventually also be found in Saudi Arabia
in suitable habitats where their hosts occur.
The taxonomy of the Tachinidae is difficult,
and the use of all approaches: external and
internal morphological characters, molecu-
lar techniques (Vogler & Monaghan, 2007;
Valentini, et al., 2009), mating behaviour
and host preferences (Claridge, 2008) is
needed to clarify the status of morphologi-
cally similar species or species complexes
(Schlick-Steiner, et al., 2007).

Future studies on the Tachinidae (also see
Stireman et al., 2006) should be focused on:
(1) examining the genetic structure of tachi-
nid populations and how this may vary ac-
cording to geography and host use (Sanchez
& Cardé, 1998) using molecular biology as
this could provide a great deal of informa-
tion on the evolutionary distribution and
host relationships of Tachinidae; (2) evolu-
tionary relationships of.tachinidae in order
to understand the evolution of morphologi-
cal behavioural and ecological traits in the
family using phytogenetic analyses as well
as basic taxonomic studies; (3) study of the

tritrophic interactions involving tachinids,
herbivorous hosts and plants in determin-
ing the ecological structure and dynamics
of tachinid-host interactions and their larger
roles in the structure and dynamics of natural
ecosystems in order to understand how and
why parasitism frequencies and richness of
parasitoid species vary among host species
(Lil, et al., 2002; Singer, et al., 2004); (4)
mating systems, host preference and utiliza-
tion and habitats requirements; (5) mecha-
nisms by which most tachinids locate and
select hosts; (6) study of the importance of
adult resources such as nectar, salts, leaf ex-
udates or potential sources of protein.
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Table 1 List of Tachinidae species recorded from Saudi Arabia:
(A: Afrotropical; P: Palaearctic; O: Oriental).

Species References Origin

Subfamily Exoristinae

Drino imberbis Wiedemann Martin 1972 A, P
Gonia capitata (de Geer) Dabbour & Hamad 1982 A, P
Gonia bimaculata (Wiedemann) Shalaby 1961: this study A, P
Drino (Palexorista) parachrysops Bezzi Dabbour 1979; this study A, O
Dolichocolon paradoxum Br. & Ber. This study A, P
Subfamily Tachininae

Tachina larvarum L. Dabbour & Hamad 1982 A
Fischeria bicolor Robineau-Desvoidy This study P
Peleteria varia (Fabricius,) This study O,P
Mintho compressa (Fabricius) This study P
Microphthalma europaea Egger This study P
Subfamily Phasiinae

Leucostoma obsidianum (Wiedemann) This study A, P
Besseria longicornis Zeegers This study A,P

Subfamily Dexiinae
Periscepsia carbonaria (Panzer) This study A,P, O
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List of plates:

i

Plate 1: shows the female of Stomina sp. (photograph, R. Esteves)

Plate 2: shows the pincer-like projections on the apex of the abdomen of female of L. ob-
sidianum which are part of the genital system (photograph, J. Turner)
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Comparative Analysis of Withania Somnifera and Rhus
Coriaria on Hyperglycemia and Insulin Sensitivity in Type 2
Diabetic Rats

M.M..Safhi® and T.Anwer
College of Pharmacy, Jazan University, K.S.A.

Abstract

We investigated and compared the effects of an aqueous extract of Withania somnifera
(L.) Dunal and methanolic extract of Rhus coriaria Rhus Wriaria L. on hyperglycemia and
insulin sensitivity in type 2 diabetic rats. Type 2 diabetes was induced by single intraperi-
toneal injection of streptozotocin (STZ, 100 mg/kg) to 2 days old rat pups. W. somnifera
& R. coriaria (200 mg/kg and 400 mg/kg) was administered orally once a day for 5 weeks
after the animals were confirmed diabetic (i.e., 90 days after STZ injection). A group of
citrate control rats were also maintained which had received citrate buffer on the 2nd day
after birth. Significant increases in blood glucose, glycosylated hemoglobin (HbAlc)
and serum insulin levels were observed in type 2 diabetic control rats. Treatment with W.
somnifera & R. coriaria reduced the elevated levels of blood glucose, HbAlc and insulin
in the type 2 diabetic rats. An oral glucose tolerance test (OGTT) was also performed on
the same groups, in which we found a significant improvement in glucose tolerance in the
rats treated with W. somnifera & R. coriaria. The insulin sensitivity was assessed for both
peripheral insulin resistance and hepatic insulin resistance. W. somnifera & R. coriaria
treatment significantly improved the insulin sensitivity index (KITT) which was signifi-
cantly decreased in type 2 diabetic control rats. There was a significant rise in homeostasis
model assessment of insulin resistance (HOMA-R) in type 2 diabetic control rats whereas
W. somnifera & R. coriaria treatment significantly prevented the rise in HOMA-R in type
2 diabetic treated rats. Based on our findings, it is possible to postulate that R. coriaria is
more effective than W. somnifera in controlling hyperinsulinemia and glucose tolerance
and improved insulin sensitivity thus normalizing hyperglycemia in type 2 diabetic rats.

Keywords: Rhus coriaria; Withania somnifera hyperglycemia; Streptozotocin;

Insulin sensitivity; Diabetes mellitus

Vol.1 No.1 December 2011 (Muharram 1433 H)

1. INTRODUCTION

Type 2 diabetes mellitus (DM) is pos-
sibly the world’s fastest growing metabolic
disorder which results from defects in insu-
lin secretion (Kahn, 2001) on one side, and
insulin resistance on the other (Polonsky et
al., 1996). The progression of type 2 DM
begins with an impairment of glucose toler-
ance (Zimmet et al., 2003) and is often as-
sociated with a state of insulin resistance,
which means insulin that is secreted by the
B-cells and bound to the liver, muscle and

fat cells is subnormally efficacious in
carrying out its metabolic actions (Robert-
son et al., 2006). In recent years there has
been an upsurge in the clinical use of in-
digenous drugs. Management of type 2 DM
without any side effects is still a challenge
to the medical system. The conventional
pharmacological treatments for type 2 dia-
betes have a number of limitations, such as
adverse effects and high rates of secondary
failure (Kim et al., 2006). Medicinal plants

(*) E-mail: msathi@yahoo.com
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with antidiabetic activities were used for
many centuries and sometimes as regular
constituents of the diet, it is assumed that
they do not have many side effects (Halim et
al., 2002). This leads to increasing demand
for natural products which have antidia-
betic activity with fewer side effects and are
relatively economical as compared to oral
hypoglycaemic agents. It is assumed that
herbal medicine can only be effective as an
alternative to oral hypoglycaemic agents in
the treatment of type 2 DM, where pancre-
atic islets are not totally destroyed.

Withania somnifera Dunal (Family: So-
lanaceae), commonly known as ashwagand-
ha is widely used in the Ayurvedic system
of medicine in India. It is an official drug
and is mentioned in the Indian Pharmaco-
poeia (1985). Several studies of this plant
indicate that it possesses anti-inflammatory,
antitumor, antistress, antioxidant, immuno-
modulatory, hematopoietic and rejuvenating
properties besides its positive influence on
the endocrine, cardiopulmonary and central
nervous system (Ghosal et al., 1989; Bhat-
tacharya et al., 1995; Mishra et al., 2000). In
a previous report (Anadulla et al., 2000), it
was found that Withania somnifera reduces
blood glucose level in mild type 2 diabetic
subjects. An Ayurvedic herbal formulation
(Tarsina) containing Withania somnifera as
one of the ingredients have been found to
attenuate STZ-induced hyperglycaemia and
pancreatic islet superoxide dismutase activ-
ity in type 1 diabetic rats (Bhattacharya et
al., 1997). Dried fruit extract of Withania
coagulans (Stocks) Dunal (other species of
Withania) has been shown to have hypogly-
caemic activity in type 1 diabetic rats (Hem-
latha et al., 2004).

Rhus coriaria L. (Family: Anacardia-
ceae), commonly known as sumac (also
spelled as sumach) is a well-known spice
in the Middle-East and grown in the central
region of Turkey. Maulyanov et al., (1997)

has reported that sumac contains flavonols,
phenolic acids, hydrolysable tannins, antho-
cyans, and organic acids. Phytochemicals in
Rhus coriaria are being used as antibacteri-
al, antidiarrhoeal, antispasmodic, antiviral,
astringent, candidicide, hepatoprotective,
antigastric, anti-inflammatory, antioxidant,
antiulcer, fungicide, cyclooxygenase-inhib-
itor and lipoxygenase inhibitor due to their
contents of ellagic acid, gallic acid, quer-
cetin, isoquercitrin, myricetin and tannic
acid (Duke et al., 2003). Recently, the hy-
poglycaemic efficacy of sumac (R.coriaria
L.) has been investigated through inhibition
of a glycoside hydrolase: alpha-amylase in
the treatment and prevention of diabetes
(Giancarlo et al., 2006). Methanolic extract
(FROM THE water-soluble part) of Rhus
coriaria was found to be an uncompetitive
inhibitor of xanthine oxidase and scavenger
of superoxide radicals (Candan, 2003).
Hence, the present study was undertaken
to evaluate and compare the effects of With-
ania somnifera and Rhus coriaria on hyper-
insulinemia, glucose intolerance and insulin
sensitivity in type 2 diabetic rats.

2. MATERIALS AND METHODS
Animals
Healthy albino Wistar rats were kept for
breeding. The animals were maintained un-
der controlled conditions of illumination (12
hr light/12 hr darkness) and temperature be-
tween 20-25 (°C). They were housed under
ideal laboratory conditions, maintained on A
standard pellet diet and given water ad libi-
tum throughout the experimental period.
Preparation of plant extract
R.coriaria L. seeds were collected and
washed with water and dried in shade. Dried
Rhus coriaria seed was extracted with meth-
anol at room temperature three times with
5 volumes of methanol (w/v). The solvent
was evaporated at 35-40 oC under reduced
pressure of -760 mmHg to give methanolic
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extract, yielding approximately 10% (w/w).
A dark semi-solid (greenish black) material
was obtained. It was stored at 4 (°C) until
used. When needed the residual extract was
suspended in distilled water and used in the
study.

Drugs and Chemicals

Standardized powdered, aqueous root
extract of W.somnifera (Batch No. W. som-
nifera /05002) was a gift sample by Natural
Remedies, Bangalore, India. It was stored at
4 (°C) until used. When needed the residual
extract was dissolved in distilled water and
used in the study. It contains total withano-
lides (3.9% w/w). Streptozotocin was pro-
cured from Sigma Aldrich, USA. The en-
zyme-linked immunosorbent assay (ELISA)
kit for insulin assay was purchased from
Mercodia, Sweden. All the other biochemi-
cals and chemicals used for the experiment
were of analytical grade.

Induction of diabetes

To induce type 2 diabetes, STZ (100 mg/
kg) in citrate buffer (pH-4.5) was adminis-
tered intraperitoneally to 2 days old rat pups
(Shinde and Goyal, 2003). Another group
of pups received only citrate buffer on the
2nd day of their birth. All the surviving pups
were kept (mortality < 30%) to adulthood.
90 days after STZ treatment, the develop-
ment of diabetes was confirmed by measur-
ing blood glucose level. Rats with fasting
blood glucose levels of 200 mg/dl or higher
were considered to be diabetic.

Experimental design

The rats were divided into eight groups
consisting of six animals in each group as
follows :
» Group I: Citrate control, received citrate
buffer ( 0.1 ml/kg, i.p)
* Group II: Type 2 diabetic control, received
STZ in a single dose (100 mg/kg, i.p)
* Group III: W. somnifera only treated rats,
received W. somnifera (400 mg/kg, p.o)
» Group IV: Type 2 diabetic treated rats, re-

ceived W. somnifera (200 mg/kg, p.o)
* Group V: Type 2 diabetic treated rats, re-
ceived W. somnifera (400 mg/kg, p.o)
» Group VI: R. coriaria only treated rats, re-
ceived R. coriaria (400 mg/kg, p.o)
* Group VII: Type 2 diabetic treated rats, re-
ceived R. coriaria (200 mg/kg, p.o)
» Group VIII: Type 2 diabetic treated rats,
received R. coriaria (400 mg/kg, p.o)
W. somnifera (200 mg/kg and 400 mg/kg;
Visavadiya & Narasimhacharya 2007) was
dissolved in water and given until the end
of the study (5 weeks) to groups III, IV and
V animals. Rhus coriaria (200 mg/kg and
400 mg/kg) was also dissolved in water and
given until the end of the study (5 weeks) to
groups VI, VII and VIII animals. On the last
day of experiment, blood samples were col-
lected for biochemical estimations.

Biochemical Parameters Studied

Glucose was estimated by glucose oxi-
dase method (Braham et al., 1972), gly-
cosylated haemoglobin was estimated by
Bannon (1982). Plasma insulin level was as-
sayed by ELISA kit (Morgan and Lazarow,
1963). Oral glucose tolerance test (OGTT)
was measured according to the method of
Pari and Saravanan (2002). Insulin sensitiv-
ity index (KITT) was measured for the de-
termination of peripheral insulin resistance
(Murali et al., 2002). Homeostasis model
assessment of insulin resistance (HOMA-R)
was calculated using fasting blood glucose
(FBG) and fasting insulin (FI) level and was
used for the determination of hepatic insulin
resistance (Uno et al., 2005).

Statistical analysis

Data were expressed as the mean =+ stan-
dard error (S.E) of the means. For a statisti-
cal analysis of the data, group means were
compared by one-way analysis of variance
(ANOVA) with post hoc analysis. The
Tukey-Karmer post hoc test was applied to
identify significance among groups. P< 0.05
was considered to be statistically signifi-
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cant.
3.RESULTS
Effect of W. somnifera and R. coriaria on
hyperglycemia in type 2 diabetic rats

Table 1 shows the effect of W. somnifera
and R. coriaria on blood glucose levels.
Significant (P < 0.001) increase in blood
glucose levels were observed in type 2 dia-
betic control rats when compared with ci-
trate control rats. Oral administration of W.
somnifera and R. coriaria at two doses (200
mg/kg and 400 mg/kg) reduced the blood
glucose levels significantly (P < 0.001) in
a dose-dependent manner when compared
with type 2 diabetic control rats. R. cori-
aria was found to be more effective than W.
somnifera in controlling hyperglycemia. W.
somnifera and R. coriaria (400 mg/kg) per
se effect did not produce any significant (P
< 0.001) change in the blood glucose levels
when compared with citrate control rats.
Effect of W. somnifera and R. coriaria on
HbA1c levels in type 2 diabetic rats

Table 1 shows the effect of W. somnifera
and R. coriaria on glycosylated haemoglo-
bin levels. It was observed that type 2 dia-
betic control rats showed significant (P <
0.001) increase in HbA1c levels when com-
pared with citrate control rats. Oral admin-
istration of W. somnifera and Rhus coriaria
at two doses (200 mg/kg and 400 mg/kg)
decreased the HbAlc levels significantly (P
< 0.01) in a dose-dependent manner when
compared with type 2 diabetic control rats.
The effect of Rhus coriaria on HbAlc was
greater than those of W. somnifera. There
was no significant change in HbAlc levels
of W. somnifera and R. coriaria (400 mg/
kg) per se treated rats when compared with
citrate control rats. The data are expressed
in mean = S.E.; n=6 in each group. *P<0.001
compared with the corresponding value for
citrate control rats (group II vs I). yP<0.001
compared with the corresponding value for
type 2 diabetic control rats (group II vs IV,

V, VII, VIII). *P<0.01 compared with the
corresponding value between W. somnifera
& R. coriaria (200 mg/kg; group IV vs VII).
nsP>0.05 compared with the corresponding
value between W. somnifera & R. coriaria
(400 mg/kg; group V vs VIII)

Effect of W. somnifera and R. coriaria on
OGTT in type 2 diabetic rats

Table 2 shows the blood glucose levels
of citrate control, type 2 diabetic control, W.
somnifera and R. coriaria treated rats after
oral administration of glucose (2 gm/kg). In
type 2 diabetic control rats the peak increase
in blood glucose levels were observed after
1 h. The blood glucose levels remained high
over the next one hour. W. somnifera and
R. coriaria treated rats showed significant
(P < 0.01) decrease in blood glucose lev-
els at 1 and 2 h when compared with type
2 diabetic control rats. The effect was most
pronounced at 2 h intervals. R. coriaria
was found to be more effective in improv-
ing glucose tolerance than W. somnifera. W.
somnifera and R. coriaria (400 mg/kg) per
se treatment did not produce any significant
change in the blood glucose levels at 1 and 2
h during OGTT when compared with citrate
control rats.

The data are expressed in mean + S.E.;
n=6 in each group. xP<0.001 compared with
the corresponding value for citrate control
rats (group Il vs I). yP<0.001 compared with
the corresponding value for type 2 diabetic
control rats (group Il vs IV, V, VII, VIII).
Effect of W. somnifera and R. coriaria on
insulin levels in type 2 diabetic rats

Table 3 shows the effect of W. somnifera
and R. coriaria on insulin levels. Hyperinsu-
linemia was observed in type 2 diabetic con-
trol rats when compared with citrate control
rats. W. somnifera and R. coriaria treatment
significantly (P < 0.01) reduced the elevated
levels of insulin when compared with type 2
diabetic control rats. R. coriaria was found
to be more effective than W. somnifera in
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preventing hyperinsulinemia. W. somnifera
and R. coriaria (400 mg/kg) per se treat-
ment did not induce any significant change
in the levels of insulin.

Effect of W. somnifera and R. coriaria on
insulin sensitivity in type 2 diabetic rats

Table 3 shows the levels of K™, an in-
dex of insulin sensitivity and HOMA-R, an
index of hepatic insulin resistance. Type 2
diabetic control rats showed significant de-
crease in K" levels with a significant in-
crease in HOMA-R levels when compared
with citrate control rats. Treatment with W.
somnifera and R. coriaria significantly (P <
0.001) increased the levels of K'™" and pre-
vented rises in HOMA-R levels when com-
pared with type 2 diabetic control rats. The
effect of R. coriaria on improving the insu-
lin sensitivity was found to be more effec-
tive than those of W. somnifera. There was
no significant change in the levels of K"
and HOMA-R in W. somnifera and R. cori-
aria (400 mg/kg) per se treated rats when
compared with citrate control rats.

The data are expressed in mean + S.E.;
n=6 in each group. xP<0.001 compared with

the corresponding value for citrate control
rats (group I vs I). yP<0.001 compared with
the corresponding value for type 2 diabetic
control rats (group II vs IV, V, VII, VIII).
*P<0.01 compared with the corresponding
value between W. somnifera & R. coriaria
(200 & 400 mg/kg; group IV vs VII & V vs
VIII). **P<0.001 compared with the cor-
responding value between W. somnifera &
R. coriaria (200 & 400 mg/kg; group IV vs
VII & V vs VIII).

4. DISCUSSION

Type 2 diabetes mellitus results from
a combination of tissue resistance (or in-
sulin sensitivity) to insulin action and an
adequate compensatory insulin secretory
response (American Diabetes Association,
1999). Treatment that is inadequate or in-
stituted too late predisposes the affected
individual not only to the basic metabolic
disturbances but also to a number of serious
complications of diabetes. STZ is frequently
used to induce DM in experimental animals
(Szkudelski, 2001; Yamagishi et al., 2001).
Although, it is generally accepted that the
cytotoxicity produced by STZ depends on

Table 1: Effect of W. somnifera and R. coriaria on blood glucose and glycosylated haemo-

globin levels in type 2 diabetic rats.

Groups Treatment

Blood Glucose Glycosylated Hae-

(mg/dl) moglobin (%)

I Citrate Buffer (1 ml/kg, i.p) 97.18+3.02 5.70£0.265
I STZ (100 mg/kg, i.p) 324.66+10.87* 12.18+0.322x

111 Only WS (400 mg/kg, p.o) 98.60£1.16 5.67+0.155
v Type 2 diabetic + WS (200 mg/kg, p.o) 151.01+4.08, * 9.30+0.118v, "
A\ Type 2 diabetic + WS (400 mg/kg, p.o) 121.28+1.80% 1 6.95+0.169%

VI Only RC (400 mg/kg, p.o) 96.66+1.89 5.90+0.134
VII Type 2 diabetic + RC (200 mg/kg, p.o) 139.65+1.89v," 8.87+0.109v, °
VIII Type 2 diabetic + RC (400 mg/kg, p.o) 117.08+1.87%m 6.83+0.129%
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DNA alkylation and subsequent activation
of poly ADP-ribose synthetase that causes
rapid and lethal depletion of NAD in pan-
creatic islets (Bennet et al., 1981; Bolzan et
al., 2002), several lines of evidence indicate
that the free radicals may play an essential
role in the mechanism of B-cell damage and
diabetogenic effect of STZ (Ohkuwa et al.,
1995).

The method of type 2 diabetes induction
was first described by Portha et al. (1974).
At 8 — 10 weeks of age and thereafter rats
neonatally treated with STZ manifest hyper-
glycaemia, an impaired response to the glu-
cose tolerance test (Portha et al., 1979) and
loss of B-cell sensitivity to glucose (Giroix
et al., 1983). People who develop diabetes
usually pass through the phases of excessive
adipogenesis, nuclear peroxisome prolifera-
tor-activated receptor (PPAR) modulation,

insulin resistance, hyperinsulinemia, pan-
creatic B-cell stress and impaired glucose
postprandial and fasting levels (Porte et
al., 2001; Hayden et al., 2002). Hyperinsu-
linemia has generally been considered as a
marker of insulin resistance, i.e. a decrease
in the effect of insulin to stimulate glucose
uptake at a given serum insulin concentra-
tion ((Tenenbaum et al., 2003). Those con-
sidered as at risk for developing type 2 DM
tend to exhibit a constellation of risk factors
i.e, abdominal obesity, hypertension, dys-
lipidaemia, and insulin resistance (Reaven,
1988; Cordain et al., 2003). Hence in addi-
tion to glycemic control, management of hy-
perinsulinemia is also essential for control-
ling insulin resistance and thus limiting the
complications of type 2 diabetes.

Type 2 diabetic control rats exhib-
ited persistent hyperglycaemia. Recently

Table 2: Effect of W. somnifera and R. coriaria on oral glucose tolerance test in type 2

diabetic rats.

Blood Glucose (mg/dl)

Groups Treatment
0 min 15 min 30 min 60 min 120 min
I Citrate Buffer 82.82+ 112.20+ 149.49+ 124.14+ 98.43+
(0.1 ml/kg, i.p) 1.67 2.05 2.92 1.69 1.28
Nt STZ 256.56+ 301.51+ 328.78+ 42.924+ 318.18+
100 mg/kg, i.p 5.84x 7.72% 5.69% 9.78* 6.83%
g/kg
I Only WS 85.34+ 120.20+ 156.06+ 127.77+ 92.92+
(400 mg/kg, p.o) 2.69 3.29 3.51 2.34 3.51
v Type 2 diabetic + WS 140.90+ 166.77+ 189.56+ 166.77+ 150.50+
(200 mg/kg, p.o) 1.67¥ 1.48Y 2.58Y 1.86Y 1.39¥
v Type 2 diabetic + WS 119.26+ 138.20+ 173.88+ 150.30+ 128.18+
mg/kg, p.o A7 D3 13 16Y R
(400 mg/k ) 2.17 2.53 5.73 1.76 2.8
VI Only RC 83.14+ 115.32+ 157.69+ 140.73+ 96.08+
(400 mg/kg, p.o) 1.73 2.91 2.63 2.92 2.26
VI Type 2 diabetic + RC 137.32+ 164.07+ 184.30+ 165.36+ 148.90+
(200 mg/kg, p.o) 1.92Y 1.81Y 1.51¥ 1.52¥ 2.69¥
VIII Type 2 diabetic + RC 11471+ 130.31+ 155.45+ 137.79+ 120.02+
mg/kg, p.o .83 23 41y 90Y .61y
(400 mg/k ) 1.83 2.23 2.41 1.90 1.61
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Giancarlo et al. (2006) has shown that R.
coriaria has hypoglycaemic activity. Previ-
ously dried fruit extract of W.coagulans has
been shown to have hypoglycaemic activ-
ity in type 1 diabetic rats (Hemlatha et al.,
2004). Treatment with W. somnifera and
R. coriaria (200 mg/kg and 400 mg/kg)
to type 2 diabetic rats reduced the elevated
blood glucose levels thereby showing its an-
tihyperglycaemic activity.

In diabetes, there is an increased glyco-
sylation of a number of proteins including
haemoglobin and B-crystalline of lens (Al-
berti et al., 1982). Measurement of glyco-
sylated haemoglobin (HbAlc) has proven
to be particularly useful in monitoring the
effectiveness of therapy in diabetes (Gold-
stein, 1995). The levels of HbAlc were in-
creased in type 2 diabetic control rats when
compared with citrate control rats. Agents
with antioxidant or free radical scavenging
properties may inhibit oxidative reactions
associated with protein glycation (Elgawish,

1996). Some recent studies have shown that
W. somnifera has antioxidant properties and
prevents lipid peroxidation (Chaudhary et
al., 2003; Bhattacharya et al., 2001). A pre-
vious report has shown that methanolic ex-
tracts of R. coriaria fruits have considerable
antioxidant activity against free radicals and
lipid peroxidation (Candan et al., 2004). Ad-
ministration of W. somnifera and R. coriaria
to type 2 diabetic rats reduced the glycosyl-
ation of haemoglobin by virtue of its free
radical scavenging properties and thus de-
creased the levels of HbAlc. A decrease in
blood glucose levels might also contribute
to decreased levels of glycated haemoglobin
in W. somnifera and R. coriaria treated type
2 diabetic rats.

Hyperinsulinemia appears to be a com-
pensatory mechanism that responds to in-
creased levels of circulating glucose and
is often associated with the progression to
insulin resistance (Goldstein, 2002). The
B-cells normally compensate insulin re-

Table 3: Effect of Withania somnifera and Rhus coriaria on insulin levels, KT and

HOMA-R in type 2 diabetic rats.

Insulin Level

Groups Treatment (mU/L) K, ., HOMA-R
I Citrate Buffer (0.1 ml/kg, i.p) 13.13+0.245 10.15+0.162 3.14+0.037
i STZ (100 mg/ke, i.p) 24.0940.329* 46140162 19.28+0.541"
Nl Only WS (400 mg/kg, p.0) 13.5740.137 1024£0213  3.290.130
v Type 2 diabgcg(}’)vs (200mg/ 500120283 6.1040.180%"  7.38+0.097%"
% Type 2 diabigcggs (400mg/ 159510 008%  8.7240.135%"  5.07£0.085%"
VI Only RC (400 mg/kg, p.o) 12.88+0.235 10.1940.197  3.088+0.068
VI Type 2 diabitgiC;OI}C (200mg/ 19 09102205 6.66£0.115%"  6.57+0.060""
vim ~ Type 2 diabetic + RC (400 mg/ 5 g9.0 500y 9.18+0.164*  4.5940.056%"

kg, p.o)
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sistance by secreting greater amounts of
insulin to maintain glucose homeostasis.
Bonora et al., (1983) has reported that hy-
perinsulinemia is associated with decreased
hepatic insulin clearance and hypersecretion
of B cells in mild glucose intolerance obese
subjects. Results of the present study clearly
showed that hyperinsulinemia (as evident
by increased serum insulin level) was seen
in type 2 diabetic control rats. Therefore,
the hyperinsulinemia in type 2 diabetic rats
could be either due to decreased hepatic
clearance of insulin or by down-regulation
of insulin receptors and desensitizing post-
receptor pathways (Olefsky et al., 1985),
resulting in decreased insulin binding and
degradation. Even people with diabetes who
take oral medication or require insulin in-
jections to control their blood glucose levels
can have higher than normal blood insulin
levels due to insulin resistance. Despite
high insulin levels (hyperinsulinemia), the
glucose levels were greater in type 2 dia-
betic control rats than type 2 diabetic treated
rats. However, W. somnifera and R. coriaria
treatment was found to be effective in re-
ducing insulin levels of type 2 diabetic rats
thereby preventing hyperinsulinemia. It
seems that both W. somnifera and R. cori-
aria exert antihyperglycaemic effect by at-
tenuating hyperinsulinemia.

An insulin-resistan state is a key phase
of the metabolic syndrome, constituting the
major risk factor for the development of
glucose intolerance and diabetes mellitus
(Groop, 2000). Thus interventions to de-
crease insulin resistance may postpone the
development of type 2 diabetes and its com-
plications. When animals were subjected to
OGTT, increased blood glucose levels were
found with the increase in time and were
maintained until 2 h in type 2 diabetic rats.
Treatment with W. somnifera and R. coriar-
ia significantly improved glucose tolerance,
as indicated by reduction in peak blood glu-

cose levels at 1 and 2 h in type 2 diabetic
treated rats during OGTT. In the present in-
vestigation the rate of glucose disposal was
found to be significantly decreased in type
2 diabetic control rats when compared with
citrate control rats. W. somnifera and R. co-
riaria might enhance glucose utilization by
peripheral tissues and increase the glycogen
stores in the liver due to restoration of de-
layed insulin response because they signifi-
cantly decreased the blood glucose levels in
glucose loaded rats.

Our results showed that W. somnifera and
R. coriaria decreased blood glucose levels,
prevented hyperinsulinemia and improved
glucose tolerance in type 2 diabetic rats.
These results suggest that W. somnifera and
R. coriaria can improve insulin sensitivity.
Thus, K'™" was determined to check periph-
eral insulin resistance (Murali et al., 2002)
whereas HOMA-R was determined to check
hepatic insulin resistance (Bonora et al.,
2000). The results obtained clearly showed
that K''" was significantly improved by W.
somnifera and R. coriaria treatment in type
2 diabetic rats. Additionally, W. somnifera
and R. coriaria treatment significantly pre-
vented the rise in HOMA-R in type 2 diabet-
ic rats. This suggests that W. somnifera and
R. coriaria are pharmacologically effective
in improving insulin sensitivity.

In the present study the treatment of R.
coriaria showed most significant results in
decreasing the levels of blood glucose and
HbAlc and preventing hyperinsulinemia as
compared to W. somnifera treatment. Simi-
larly R. coriaria treatment showed the most
significant results in improving glucose tol-
erance and insulin sensitivity as compared
to W. somnifera treatment.
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Abstract

This review deals with the recent developments in the pharmacological and neurophysi-
ological developments in sleep and its disturbances. It details out the various neurotrans-
mitters that control the stage of wakefulness starting with the hypothalamic polypeptide
hypocretin/orexin and the others such as ACh (Acetylcholine), NA (noradrenaline) and his-
tamine. Furthermore, the review dealt with the neurotransmitters involved in the two cycles
of sleep: the slow-wave-sleep (SWS) and the rapid-eye-movement sleep (REM sleep). In
case of SWS stress was given to gamma amino butyric acid (GABA), adenosine, serotonin,
anandamide and melatonin whereas in case of REM sleep stress was given to NA, ACh and
the polypeptide hypocretin/orexin. Discussion is also directed to the differences in animals
in showing the two cycles of sleep. Man, cats and pigeons are the best examples that show
the two well defined cycles SWS and REM sleep whereas reptiles show only SWS sleep.
However, infants and babies show only REM sleep. Furthermore, stress is also given to the
unihemspherical brain sleep that is shown by the marine animals and birds-characterized
by one eye closure. Part of the review is devoted to the importance of sleep in animals that
encompasses replenishment of brain energy store, consolidation of memory and protein
synthesis. The consequences of sleep deprivation with the ultimate suppression of physical
and mental developments is also outlined. The review also discussed the various parasom-
nias encountered during sleep such as somnambulism, terrors, talking, bruxism, enuresis
and sleep apneas together with other sleep disturbances such as narcolepsy, sleepiness and
insomnias. The onset time of dreaming during sleep whether during the REM sleep or other
phases of sleep is also discussed.

Keywords: Sleep; GABA; REM Sleep; Neurotransmitters; Acetylcholine.
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1. INTRODUCTION

The impetus for writing this mini-review
is to present the readers with the recent
developments regarding the basic pharma-
cological and neurophysiological develop-
ments in the fields of sleep and sleep distur-
bances or disorders.

Broadly speaking the daily 24 hours of
almost all animals can be divided into two
phases: wakefulness and sleep. This divi-
sion never implicates that wakefulness is a
full stage that comprises several hours and

then it is followed by sleep during the com
plementary hours of the day.

The cycle of wakefulness and sleep in
animals is controlled by what is generally
termed “the 24-hour circadian biological
clock”. This clock is sensitive to the cycle
of light and dark. In mammals it is located
in the hypothalamus in the suprachiasmatic
nucleus. This nucleus receives direct in-
puts from various brain regions and the eyes
(Earnest, 2009).

(1) E-mail: keltahir5S@gmail.com
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Basically, wakefulness is controlled by
the reticular activating system of the brain
stem. Various neurotransmitters are impli-
cated in the control of the state of wakeful-
ness in mammals. The most recent of these
is the polypeptide hypocretin/orexin in the
hypothalamus. Its neurones project to cho-
linergic, noradrenergic and serotoninergic
brain stem neurones, to the fore brain and
even to the spinal cord (Baumann et al.,
2005; Samson et al., 2005). The hypocre-
tin / orexin system is affected by neuronal
stimuli via the suprachiasmatic nucleus, the
GABA(gamma amino butyric acid) ergic,
NA (noradrenaline) ergic, serotoninergic
and the cholinergic brain stem neurones as
well as metabolically via glucose, leptin and
ghrelin (Baumann et al., 2005; Samson et
al., 2005). The importance of this system in
wakefulness is clearly demonstrated by the
precipitation of narcolepsy in those subjects
who suffer from degeneration of hypocretin
/ orexin neurones or deficiency of release
of the peptide (Wurtman, 2006). The other
systems and neurotransmitters involved in-
clude:

a. The cholinergic neurones that are lo-
cated in the pontomesen cephalic tegmen-
tum and the basal forebrain which projects
to the forebrain and the cerebral cortex
(Jones, 2009).

b. The NA ergic and serotoninergic neu-
rones with their cell bodies in the Locus
coeruleus and Raphe nuclei of the brain
stem, respectively (Jones, 2009; Aghajanian
et al., 2009).

c. The 20 aminoacid — neuropeptide (Re-
inscheid, 2009).

d. Histamine (Passani, et al., 2004) and
this is very clearly demonstrated by the well
known and persistently observed sedation of
the first generation of histamine H, recep-
tor blockers that pass the blood brain barrier
and by the recently introduced histamine
H3 receptor activators that decrease brain

neuronal histamine release (Passani, et al.,
2004).

2. SLEEP

Sleep is a biological condition that is
experienced by most species of the animal
kingdom. In humans, it consumes 20 —33%
of life time whereas in some other animals
it comprises 10 — 83% of life time (see be-
low). It is experienced by mammals, birds,
reptiles, insects and various invertebrates.
Each of these species has its characteristic
type of behaviour during its sleep. Gener-
ally, sleep can be defined using behavioural
and electrophysiological criteria. The be-
havioural features can be summarized as:

a. Quietness with very minimal move-
ments of the body.

b. Species — characteristic body pos-
ture.

c. Lack of awareness of the environ-
ment.

d. Weak response to external stimuli i.e.
an elevated arousal threshold that can be re-
versed by an increase in the external arous-
ing stimulus.

e. Movement of the eyes balls at certain
stages and in certain species.

The electrical criteria involves changes
in the brain neuronal activity as followed by
recording of electroencephalogram (EEG)
that was introduced by Eugene Aserinksy
and his Ph.D supervisor professor Nathaniel
Kleitman in 1953 (Aserinsky, et al., 1953).
These EEGs revealed that human and other
mammalian sleep comprises consecutive cy-
cles each comprised of 5 stages labelled as
stages [-IV and a rapid eye movement sleep
stage (REM sleep stage) or de-synchronized
sleep (D-sleep) or paradoxical sleep (Siegel,
1999). The first 4 stages are also known
by the names synchronized sleep (S-sleep),
slow — wave sleep or non REM sleep. Gen-
erally the two types of sleep alternate cycli-
cally. In humans each cycle, the non-REM
sleep lasts 65 — 70 minutes whereas the
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REM sleep lasts 15 — 25 minutes. Thus, the
single sleep cycle duration ranges from 75 —
95 minutes. This can be repeated multiple
times (2 — 5 times) during a normal noctur-
nal sleep. The recorded electrical activity is
generated by 3 brain areas namely the retic-
ular formation of the brain stem, the thala-
mus in the midbrain and the cortex. Specifi-
cally, the EEG activity during REM sleep
originates in the amygdala and the temporal
cortex (Siegel, et al., 1997; Siegel, 2007;
Zisapel, 2007).

In stage 1 of the non REM sleep, the
alfa waves which characterize the wakeful-
ness state which are of low-voltage (low
amplitude) and high frequency 12 to 14
cycles per second start to decrease gradu-
ally for a period of 5 — 7 minutes to enter
stage II that is characterized by the gradual
re-appearance of alfa-waves with alternat-
ing negative and positive waves with a rela-
tively higher voltage appearing at intervals
of 0.75 second between each wave and the
other. This stage can extend up to 40 min-
utes when stage 3 starts by the appearance
of delta waves with a high voltage (high am-
plitude) and very low frequency of 2 waves
per second accompanied by the presence of
sleep spindles of the very very low ampli-
tudes. This stage extends up to 7 minutes
followed by stage 4 in which only slow delta
waves with high voltage (high amplitude)
and very low frequency (1 — 2 per second)
appear. This stage extends up to 18 minutes.
Thereafter starts the phase of the REM sleep
that is characterized by low-voltage but high
frequency, approaching or exceeding that of
the wakefulness stage whereby the frequen-
cy may be up to 20 cycles per second. The
duration of this phase is in the range of 15
— 25 minutes.

The above wave characteristics of
the EEG during the two phases apply to all
mammals except the platypus which shows
the opposite i.e. waves of low voltage and

high frequency in the non-REM sleep and
waves of high voltage and low frequency
in the REM sleep (Siegel, et al., 1997). In
this connexion, it should be recalled that the
platypus is a mammal that belongs to the
Monotremes in which paradoxically off-
springs hatch from eggs and then climb in
the mother’s pouch and get their milk nutri-
tion from their mothers for several months.
In this aspect they mimic the other mono-
treme the echidna, the ant-eaters (Siegel, et
al., 1997).

Another exception of wave charac-
teristics is observed in the infant placental
mammals e.g. rats pups or human infants
where the EEG through out sleep shows
only activities similar to those observed usu-
ally in the REM sleep (Frank, et al., 1997).
In the rat’s pups the slow delta waves ob-
served in Stages III & IV of the non REM
sleep appear only at the time of weaning and
thereafter.

3. SLEEP-MEDIATORS:
NEUROTRANSMITTERS & OTHERS

3 A. Slow-wave sleep:

The site of the brain that acts to con-
trol non-REM sleep (or slow-wave sleep) is
controlled by the basal forebrain in the area
in front of the hypothalamus (Siegel, 1994).
The major neurotransmitters involved in
initiation and maintenance of this phase of
sleep include:

a) y-Amino butyric acid (GABA) is an
inhibitory neurotransmitter released from
the GABAergic neurones of the basal fore-
brain (Nitz, et al., 1996) acting via GABAA
receptors activation of which inhibits brain
neuronal activity via an increase in CL" con-
ductance.

b) Adenosine (Mc Carley, 2007; Basheer,
et al., 2008). Adenosine is a brain depres-
sant. It induces sleep. During wakefulness,
brain metabolism and energy utilization in
form of glucose and ATP is very high. The
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breakdown of ATP to provide energy results
in production of adenosine that accumulates
to reach high concentrations leading to brain
depression and initiation of sleep. In this
process it is helped by release of neuronal
GABA. Indeed, the hypnotic action of ben-
zodiazepines involves both GABA and inhi-
bition of adenosine metabolism by re-uptake
back into cells (Phillis, et al., 1988) and bar-
biturates — induced hypnosis involves acti-
vation of GABA A receptors. Furthermore,
caffeine and theophylline — induced insom-
nia is mainly due to blockade of adenosine
A1 receptors in the brain (Mc Carley, 2007,
Fredholm, et al., 1982).

¢) Anandamide (Mechoulam, et al.,
1997). This is an endogenous cannabinoid
(endocannabinoid) characterized chemical-
ly as arachidonyl ethanolamide that induces
sleep via activation of CB1 receptors. In-
deed sleep has been induced by inhibiting
the cellular uptake of anandamide by com-
pound (Sz, 8z, 11z, 14z] N- (4 — hydroxy
— 2 — methyl phenyl) 5, 8, 11, 14 — eicosa
tetraenamide which acts to elevate brain
levels of anandamide. The induced sleep
was blocked by the CB1 receptor blocker
SR 141716 A.

d) Serotonin (5 — HT) (Puyjol, et al.,
1971):

Serotonin implication in non REM
sleep stemmed from the induction of in-
somnia in cats via administration of p-chlo-
rophenyl alanine or the destruction of the
Raphe nuclei, the cell bodies of brain sero-
tonineric neurones. Furthermore, 5 — HT
seemed to act to modulate the state of wake-
fulness. The serotonineric neurones of the
brain stem are highly active during waking
states (Aghajanian G, et al., 2009). How-
ever, it should also be noted that serotonin
depletion did not induce insomnia in the rat
(Rechtschaffen, et al., 1973).

e) Melatonin (Zisapel, 2007). Melatonin
is a hormone that is released by the pineal

gland. It is a serotonin metabolite. Its release
is stimulated by darkness and suppressed by
light. It induces sleep.

f) TNFa (Tumor necrosis factor alpha).
This ploy peptide has been shown to en-
hance non REM sleep in both man and ani-
mals (Krueger, et al., 2009).

g) Growth Hormone (GH)

The anterior pituitary hormone GH
and its hypothalamic factor GH — Releasing
hormone enhanced slow-wave sleep by pro-
longing stage II (Frieboes, et al., 1995).

h) Other Endogenous Sleep Media-
tors:

Various endogenous substances have
been implicated in induction of sleep. Some
of these include: the delta sleep-inducing
peptide characterized as Arginine vasotocin,
the adrenal steroid Tertrahydro-deoxy corti-
costerone, the cytokines IL-1 and IL-2, the
cis 9, 10 — octadecenoamide and PGD2 (Mc
Ginty, et al., 1990).

3 B. Rapid — Eye Movement Sleep
(REM Sleep) Mediators:

The area in the brain that acts to con-
trol REM sleep is located in the brain stem
— pons area specifically in the dorsolateral
pontine tegmentum. The motor activity of
the extra-ocular muscles is triggered by ac-
tivation of the para-median pontine reticu-
lar formation that controls the movement as
well as the descending reticulospinal sys-
tems that induce the distal muscle twitches
during REM sleep (Siegel, 1994; Chase, et
al., 1983).

Various neurotransmitters and other
mediators are believed to contribute to the
behavioural and electrophysiological activi-
ties observed during REM sleep. These in-
clude:

a. Noradrenaline: The activity of the
brain stem NAergic neurons originates in
the Locus Coeruleus and is observed to be
suppressed during REM sleep. This allows
the atonia of the muscles observed in this
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phase of sleep. It is opposite of the activity
observed in wakefulness (Jones, 2009; Sie-
gel, 1994; Mc Carley, 2007). In conscious
rats, stimulation of NA release from the
Locus Coeruleus resulted in suppression of
REM sleep both of its frequency of genera-
tion and its duration via 3 and a adrenocep-
tors.

b. 5-Hydroxytryptamine (Serotonin,
5-HT). As in case of NA, the activity of the
brain stem serotonineric neurons originating
in the Raphe nuclei is greatly inhibited dur-
ing REM sleep resulting in enhancement of
the muscle atonia observed in this stage of
sleep (Jones, 2009; Siegel, 1994; Mc Carley,
2007).

c. ACh: The cholinergic brain stem neu-
rons are believed to activate the pontine
neurons resulting in initiation of REM sleep
(Siegel, 1994; Mc Carley, 2007; Monk,
1991; Frank, et al., 1997). Furthermore, the
cholinergic neurons in the pontomesence-
phalic tegmentum and the basal forebrain
that project to the cerebral cortex act to
stimulate cortical activity during REM sleep
(Jones, 2009).

d. Glycine: During REM sleep high ac-
tivity has been observed in the brain stem
glycinergic neurons (Siegel, 1994). These
act to induce REM sleep-observed atonia.

e. Nitric Oxide [NO]. Release of NO
from the pontine tegmentum neurons is
shown to enhance REM sleep (Gautier, et
al., 2005).

f. Hypocretin / Orexin. This hypotha-
lamic neurotransmitter has been shown to
contribute to the actions observed in REM
sleep (Baumann et al., 2005).

g. Prolactin. This anterior pituitary hor-
mone has been observed to enhance REM
sleep (Krueger, et al., 2009).

4. INFLUENCE OF SLEEP ON BODY
PHYSIOLOGICAL FUNCTIONS
4 A. Effect of slow-wave sleep (Non

REM sleep):

Most of the normal physiological func-
tions in mammals are greatly suppressed ex-
cept the release of some hormones. Thus,
we find that during non REM sleep there
are significant decreases in respiration, the
arterial blood pressure, heart rate, body
temperature, cerebral activity and cerebral
blood flow (Maquet, et al., 1997). However,
the release of some hormones such as GH,
prolactin and gonadotropins is not affected
but that of the thyroid hormones is greatly
inhibited.

4 B. Effect of REM sleep:

Contrary to what is observed in non
REM sleep, during REM we always ob-
serve an increase in the excitability of the
sensory motor cortex, the vestibular and
bulbar reticular formation together with fine
body movements of the throat, ankle, upper
arm, shoulder and abdomen (Baldridge, et
al., 1965). Characteristically we observe
rapid eye movements with lids closed, skel-
etal muscles atonia (i.e. muscle relaxation
of back, neck, arms and legs) together with
dreams, penile erection (tumescence) and
clitorial tumescences. In addition, one ob-
serves clear increases in the heart rate, blood
pressure, respiratory rate and brain metabo-
lism (Siegel, 1994; Kleitman, 1963). How-
ever, with regard to muscles activity during
REM sleep it should be noted, although this
effect is observed in most mammals, yet it is
not observed in both of platypus and echid-
na. Also no changes in muscles tones were
observed in lizards although they do show
REM sleep (Tauber, et al., 1966; Tauber, et
al., 1968).

5. TYPES of SLEEPS IN ANIMALS

If one followed the sleep of various ani-
mals via use of the EEG and observation of
the animals’ behavior, he can notice many
differences regarding the animals’ postures
during sleep, their eyes statuses, their brains
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Table 1. Types of Sleep in Animals

Duration of Sleep

. Eyes> % of Brian
No. Animal Body Posture Total Slow REM
Status Involved
Hours Wave Hours
. Human Laying on the back Both closed  All 100% 5-8 1.9
2. Giraffe Kneeling and bending Both closed  All 100% 2-4 0.5
its long neck to rest
its head in the bend
(crook) of the hind
knee
3. Dolphin Sleep while swimming One eye 50% 0.25
in bouts of several open
seconds
4. Bat Upside down with One eye 50% 18-20
head downwards open
5. Opossum 20
6. Armadillo One eye 50% 20 6
open
Elephant Standing Both closed 100% 2-4
8. Horse Standing sometimes 100% 2.5
laying down divided
in 15
minutes
bursts
9. Birds Standing some types  One eye is 50% 2.5 min 9 sec.
while flying open per per
cycle cycle
Head is tucked be-
neath the wing.
10. Dog Laying with ears & Both closed 100% 10 —11
nose twigging and tail
wagging
11. Rat Laying Both closed 100% 13 0.8 -
(7-16.6) 3.4
(Rodents)
rats pups 16 16
till weaning
12. Seal Sleep while swimming One eye 50% uni- 0.25
open hemispe-
herical

sleep
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13.

14.
15.

16.

17.

18.

19.

20.

21.

22.
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Cat

Platypus
Human Ba-
bies (newly
born) After
5 years
Duck

Porpoises

Whales

Cow

Pigeon

Lizard

Ferret

Laying down with
quivering of paws &
whiskers & twitching
of tail

Laying on back

Standing

Swimming

Standing
Standing

Flat

References: (36-40)

Two eyes
closed

Both closed

Both closed

One eye
closed con-
tralateral to
the hemi-
sphere

One eye
open

Both open
One eye
closed

One eye is
open

Both closed

100% 10-16
100% 17 -18
10-12

50% 10-12

50% hemi-
spherically
50% uni-
hemispheri-
cal
100%
50%

50%

100%

3.2

7-8
17 —
18

2-2.4

0.7

Table 2. Effect of some drugs on slow-wave sleep

No.

1
2
3
4.
5
6
7

®

Barbiturates

Drug(s)

Benzodiazepines

Zolpidem, Zaleplon, Eszopiclone

Ethanol

Tricyclic Anti-Depressants

Cannabis (Tetra-Hydrocannabinol)
CGP36742 GABA

Blocker

BandC

Amphetamine & Pemoline

Effect on Slow-Wave Sleep Non REM Sleep
Prolong stages | & Il and suppress stages Il & IV

Prolong stages | & Il and suppress stages Il & IV

Prolong stages | & Il and suppress stages Il & IV

Prolongs stages 1 & Il and suppresses stages Il & IV

No effect or may increase or decrease

Prolongs Stage IV

Suppressed all phases

Suppressed all phases

(Reference: Deschaux, et al., 2006)
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activity, the duration of the total sleep or that
of its two main stages: the slow-wave and
the REM sleeps. Indeed one can observe
that some animals do sleep with one part of
the brain awake and the other suppressed
whereas others sleep with one or both eyes
open or even while swimming or flying!!
Indeed, follow-up of sleep is highly inter-
esting. Table 1 shows a concise summary
of the above some of indicated parameters
during sleep in various animals as reported
in the literature.

From Table 1 it can be clearly seen that
mammals don’t show unihemispherical
sleep.  Both hemispheres of the brain are
involved in sleep. Unihemispherical sleep
is observed only in marine animals, birds
and some reptiles. This God gift to some
animals e.g. marine animals will allow them
to continue rise to the top of water and take
their normal breath while still asleep. In
addition, it should be noted that some seals
can hold their breath for 30 minutes during
their sleep. Furthermore, it should be noted
that the dolphins sleep is not a continuous
process as in case of mammals but occurs
in bouts of several seconds (Mukhametov,
1987; Mukhametov, 1995; Mukhametov,
1984). These bouts of sleep now and then
remind one of what has been along time
ago written about Leonardo da Vinci type
of sleep which was short snoozes every 4
hours through out the day. This is because
he believed that sleep is a waste of time!! In
birds, the unihemispherical sleep with one
eye open — usually the outward facing eye —
helps them to get the benefit of sleep while
watching their predators / enemies.

Furthermore, it should be noted that in
case of marine animals the unihemispherical
sleep is alternated between the two sides of
the brain.

A further note about marine animals re-
gards the vertebrate zebra fish known by the
Latin name Danio rerio which is shown

recently to experience behavioural,
physiological and pharmacological char-
acteristics of mammalian sleep (Zhdanova,
2006). Indeed, hypnotics can induce sleep
in this fish.

Regarding Amphibians e.g. frogs and
invertebrates e.g. insects such as bees and
flies there are no EEG changes as observed
in mammals but they do have a sleep-like
rest as demonstrated by decrease in respon-
siveness and hemostasis. These animals
don’t have brain structures akin to those of
mammals and thus they can not generate the
same electrical pattern seen in the mamma-
lian EEG during true sleep.

Another look to Table 1 also reveals
that in human infants and rat offsprings
(pups) till the time of weaning) the sleep is
100% of the REM sleep — almost 16 — 18
hours per day. Other animals with a high
percentage of REM sleep 25 — 33% of their
total sleep time (16 — 20 hours per day)
are the platypus, opossum, armadillo and
the ferret (Zeppelin, et al., 1974). In fact
this group of animals together with the bat
spend 80% of their life sleeping!! Marine
animals show very short periods of time in
REM sleep per day in the range of 15 min-
utes only and these are followed by the two
mammals giraffe and cow 0.5 — 0.7 hour of
REM sleep per day.

6. OCURRENCE OF REM SLEEP IN
ANIMALS

Recording the EEG during sleep in
various animals revealed that not all ani-
mal species show the two phases of sleep
namely the slow-wave and the REM sleep.
The groups of animals in which both phas-
es are shown included: man (Aserinsky, et
al., 1953), pigeons: Columbia livia (Fuchs,
et al., 2006), Chicken, lizards (7Tenosaura
pectina) (Tauber, et al., 1968), cats, platy-
pus (Duckbill) (Siegel, 1999), the giraffe the
armadillo, the ferret and dolphins (Mukha-
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metov, 1995). On the other hand, the ani-
mals that show only slow-wave sleep and
no REM sleep phase included: Turtles and
tortoises, reptiles (Admin, 2003) and the
crocodile (Caiman sclerops) (Meglasson, et
al., 1979).

7. FUNCTIONS OF SLEEP

Throughout the last five decades sleep
functions have been discussed now and
then. The opinions regarding the functions
and benefits of sleep to man or other animals
included:

a. Replenishment of brain energy stores
that have been used during wakefulness.
Thus, leading to restoration of the energy
balance in the brain and other organs (Hart-
man,1973).

b. Consolidation of memory and en-
hancement of the learning process. It is
believed that during slow-wave sleep stages
[T & IV there is abundant secretion of GH
which stimulates uptake of amino acids by
brain cells to enhance the synthesis of vari-
ous types of proteins and other macromol-
ecules. These proteins are then utilized to
maintain the plasticity of the connections
between the brain neurons that are involved
in storing i.e. consolidation of memories
and improvement of skills during REM
sleep. (Zisapel, 2007; Kleitman, 1963; Hart-
man,1973; Dave, et al., 2000).

This is partly supported by the general
observations that many people tend to re-
member things better if they sleep after
learning them and that sleepless nights in-
duce forgetfulness and loss of concentra-
tion. However, more recently, a paradoxical
finding has been reported by Rasch et al.,
(Rasch, et al., 2008) whereby the adminis-
tration of the selective serotonin re-uptake
inhibitor fluvoxamine and the selective NA
re-uptake inhibitor reboxetine which sup-
press REM sleep enhanced skill memory.

c. Stimulation of growth in non-adoles-

cents due to the excessive release of GH.

8. CONSEQUENCES OF SLEEP DE-
PRIVATION

Studies in humans revealed that sleep
deprivation and prolonged wakefulness
lead to suppression of mental and physical
functions together with an increase in ir-
ritability and confusion (Kleitman, 1963;
Hartman,1973). Indeed such findings had
been miss-used with various brain-washing
procedures to impair the human brain func-
tion. These findings are also supported by
experimental research in rats. REM sleep
deprivation in rats resulted in alteration of
various brain functions via disturbances in
brain neurotransmitters and enzymes to-
gether with disturbances in memory consol-
idation (Siegel, 1999; Siegel, 1994; Dave, et
al., 2000). Furthermore, REM sleep depri-
vation in rats for 17 days induced skin le-
sions, hypothermia and resulted in death of
the animals when the deprivation continued
for 37 days (Kushida, 1989).

9. EFFECTS OF DRUGS ON SLEEP
Many drugs are available that can affect
generally the sleep process via either induc-
ing sleep or insomnia. The group of sleep
inducers generally acts to activate the cen-
tral nervous system endogenous neurotrans-
mitters involved in slow wave sleep. This
group includes the barbiturates and their
predecessor the benzodiazepines and the
laterly introduced the non-benzodiazepines
hypnotics such as Zolpidem, Zaleplon and
Eszopiclone which activate benzodiazepine
Bz and GABA receptors. The barbiturate
group e.g. phenobarbitone and pentobarbi-
tone interact with the GABA A receptors to
prolong the openning of the brain neuronal
CL" channel to induce a prolonged hyper-
polarization, resulting in depression of brain
activity and sleep. On the other hand, the
benzodiazepines e.g. diazepam, nitrazepam
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Table 3. Effect of drugs on REM sleep

No.

wokA R

10.

11.
12.
13.
14.
15.
16.

17.
18.

19.
20.
21.

22.
23.

24.

Drug

Zimelidine (Serotonin re-uptake
inhibitor)

CGP 36472 GABA, . Blocker
Cocaine
Marijuana (Tetrahydrocannabinol)

-Adrenoceptor
Blockers:
Propranolol
Atenolol,;
Delevalol;
Pindolol;
Celiprolol;
Metoprolol

Fluvoxamine, (5-HT re-uptake
inhibitor)

Reboxetine NA re-uptake inhibi-
tor

Desipramine (NA re-uptake)
inhibitor

Tricyclic Anti-depressant
5-HT,, agonists e.g. Buspirone
Fluoxetine (5-HT re-uptake)
inhibitor

Tryptophan Methylester
Valine Methylester

Alanine Methyl ester
Benzodiazepines

Caffeine

Zolpidem
Zaleplon
Eszopiclone

Donepezil (Anticholinesterase)
Nefazodone 5-HT re-uptake
inhibitor

Dexamphetamine

Pemoline

a-Methyl-p-Tyrosine (NA synthe-
sis inhibitor)

P-Chlorophenyl alanine

Physostigmine (Anti-Cholines-
terase)

Arecoline Cholinergic Agonist

Effect on REM Sleep

Reduction (in humans &
pigeons)

No effect
Suppression
Reduction

Decreased the duration

Reduction

Reduction

Reduction of duration (34%)

Suppression

Suppression

Suppression

No effect

No effect

Mild suppression (8.7%)
Reduction

Decrease

Increased duration
No effect

Reduction
Reduction

Prolonged duration

Reduction

Prolongation

Prolongation

References
(Fuchs, et al., 2006),

(Frank, et al., 1997)
(Deschaux, et al., 2006)

(Deschaux, et al., 2006)

(Rasch, et al., 2008)
(Rasch, et al., 2008)

(Frank, et al., 1997),

(Rijnbeek, et al., 2003)

(Argyropoulos, et al., 2008)

(Bakalian, et al., 1990)

(Bakalian, et al., 1990)
(Bakalian, et al., 1990)
(Bakalian, et al., 1990)
(Rijnbeek, et al., 2003)

(Vogel, et al., 1998)
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25.  Scopolamine Anti-Cholinergic Decreased duration

26. Cannabis withdrawal Increased
217. Alcohol Decreased
28. Barbiturates Decreased

and medazepam interact with their specific
Bz, receptors in the brain that are linked
with GABA al and a3 subunits to increase
the frequency of opening of the CL™ channel
with the consequent drowsiness and sleep
(E1 Tahir, 2004). Furthermore, some vola-
tile oils can also induce sleep (El Tahi, et
al., 2008).

Central nervous system stimulants that
induce insomnia act to inhibit directly or
indirectly the sleep neurotransmitters. For
instance amphetamine, cocaine, cathine and
cathinone all act indirectly to increase the
availability of both NA and DA that inhibit
GABA release with the consequent enhance-
ment of the central stimulants glutamic acid
and aspartic acid release resulting in general
brain activation and precipitation of insom-
nia (El Tahir, 2004).

Aside from these general actions detailed
pharmacological studies revealed that many
drugs can act to specifically affect the non-
REM or the REM sleep phases. The spec-
trum of drugs tested is very broad but the
most important results are hereby summa-
rized in Tables 2 and 3 which depict the ef-
fects of some drugs on slow-wave and REM
sleep, respectively.

As shown in Table 2, all drugs that act
to enhance the endogenous sleep mediators
involved in non REM sleep e.g. GABA and
enandamide acted to prolong slow-wave
sleep whereas GABA blockers shortened
the duration of this phase of sleep.

As shown in Table 3, all drugs that have
the ability to elevate the levels of NA, 5-HT
or GABA or to antagonize ACh acted to
suppress the duration of REM sleep. On
the other hand, drugs that elevate the brain
cholinergic activity prolonged the duration

of this phase of the sleep. A similar effect
was noted for drugs that decrease the avail-
ability of NA. The failure of the GABA B
and GABA c receptor blocker CG P36742 to
affect REM sleep points to the disinvolve-
ment of GABA A and GABA C receptors —
mediated action on REM sleep.

10. EFFECT OF DISEASES ON REM
SLEEP

Both Autism and Alzheimer’s disease
that are associated with decreases in the brain
cholinergic activity and decreased learning
abilities have been shown to decrease the
duration of REM sleep. This finding points
to the involvement of the brain ACh in the
initiation of REM sleep and also to the pos-
sibility that REM sleep is involved in the en-
hancement of the learning process.

11. BEHAVIOURAL DISTURBANCES
DURING SLEEP (PARASOMNIAS)

Observation of people during sleep re-
vealed that in some of them peculiar behav-
iours do accompany certain stages of their
sleep. These include behaviours labelled
as somnambulism, sleep talking, night ter-
rors, sleep apnea, snoring, enuresis, bruxism
and sleep kicking movements. Collectively
these disturbances are coined the name para-
somnias. In the following paragraphs brief
definitions of the disturbances and their time
of occurrence during the sleep stages are
given.

a. Somnambulism: Somnambulism is a
term given to the condition in which some
people walk while they are sleeping. It usu-
ally occurs during non-REM sleep. In this
condition the affected subject stands up from
his bed with his eyes open, walk to different
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places inside or even outside his home. The
person may dress or undress, mumbles or
speaks various words or moan or can per-
form a certain act and then returns to his
bed and continue sleeping till the normal
awakening. This episode can be short for
seconds or may extend to up to 30 minutes.
In the following morning the subject cannot
recall and denies the acts!! (Mahowald, et
al., 2009). It usually occurs following with-
drawal from intake of benzodiazepines.

b. Sleep Terrors: These are also known
by the names sleep night-mares or pavor
nocturnus. They usually occur during non-
REM sleep in stages III & IV. The induc-
ing factor is mainly emotional stress but it
may be associated with some psychiatric
disorders. In this condition the subject is
agitated, aroused and shows signs of stim-
ulation of the sympathetic nervous system
such as tachycardia, mydriasis, increases in
the arterial blood pressure and the rate of
respiration (tachypnea) and sweating. The
subject screams loudly and some times cries
but then returns to normal and continues the
sleep. In the morning he cannot recall what
happened during the sleep. (Complete am-
nesia of what he did). (Nielsen, et al., 2009).
It also constitutes one of the actions during
barbiturates’ abstinence syndrome.

d. Sleep Talking: This abnormal be-
haviour may take the form of few words
or few sentences. It usually occurs during
the non REM sleep. The patient then con-
tinues sleeping. The subject cannot recall
what happened (Mahowald, et al., 2009;
Rechtschaffen, et al., 1962).

e. Bruxism: Bruxism is the term given
to the condition of grinding the teeth and
contractions of Jaws’ muscles during sleep.
It mainly occurs during the REM sleep
stage. It may occur in the slow-wave sleep
(Reding, et al., 1964). It may be related to
dreaming.

f- Enuresis: Enuresis is the term given

to the involuntary passage of urine or bed-
wetting during sleep. It is usually observed
in some children below the age of 8 years.
It occurs mainly in the non-REM sleep stage
(Mahowald, et al., 2009). It can be treated
by drugs that contract the urinary bladder
destrusor muscles e.g. sympathomimet-
ics.

g. Leg Kicking: This is a parasomnia
usually observed in both REM & non-REM
sleep. It consists of involuntary movement
of leg or hand skeletal muscles. The kick
may hurt a near-by subject.

h. Sleep Apnea: This sleep disturbance
usually occurs in subjects over 50 years of
age who are sufferring from hypertension
and obesity. In such subjects the respiratory
airways are obstructed during sleep. This
results following relaxation of the muscles
of the tongue and the soft palate at the base
of the throat resulting in a decrease in the
airflow. As a result O, supply decreases.
This awakens the subject to take a breath
which is heard as a grasping strong breath
producing what is called a snort. The de-
crease in O, supply if severe may lead to
sleep death. The process is believed to
involve afferent vagal nerve reflexes with
their induced broncho constriction (Mahow-
ald, et al., 2009). The disturbance can occur
during REM sleep.

12. SLEEP DISORDERS

The major sleep disorders are nar-
colepsy, sleepiness and insomnia. The fol-
lowing lines define these disorders and the
probable mechanisms underlying them:

a. Narcolepsy: This disorder is simply
defined as excessive daytime sleeping ac-
companied by EEG changes similar to those
observed in REM sleep at the onset of sleep-
ing. Its major symptoms beside the excessive
sleepiness together with cataplexy which is
sudden skeletal muscle relaxation, hypna-
gogic hallucinations and dreams (visual hal-
lucination) experienced at the onset of the
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sleep together with partial or total reversible
skeletal muscles paralysis at the onset of
sleep (Bassetti, et al., 1996). It is classified
as an auto-immune disease that probably
involves two specific HLA (Human Leuko-
cyte Antigen) alleles known as DQB1-0602
and DQA1-0102. It is an inherited disease
(Rogers, et al., 1997). The chromosomal
defect is in chcromosome 6 that controls the
HLA antigen immune complex (Wurtman,
2006). The biochemical defect lies in the
partial or full degeneration of the lateral hy-
pothalamic neurones that release the wake-
fulness polypeptide neurotransmitter hypo-
cretin / orexin, resulting in decrease in the
release of the peptide (Samson et al., 2005)
and probably a decrease in its receptors as
shown in mice and dogs (Baumann, et al.,
2005). The most danger of this disorder is
when it occurs when the patients fall asleep
during driving (Nish, et al., 1997).

b. Sleepiness: Another sleep disorder
with a magnitude lesser than that of narcolep-
sy is sleepiness. This is defined as periodic
or frequent attempts to fall asleep during the
day. Persons with tendency for sleepiness
show prior symptoms such as yawning, eye
rubbing, dropping of eyelids, nodding and
fatigue. They cannot concentrate in their
work. Various factors predispose to this dis-
ease that include deprivation of sleep, sleep
restriction to less than 4 hours per day, frag-
mentation of normal sleep via loud sounds
or very shinning lights, intake of sedatives
during the day e.g. H, histamine receptor
blockers that pass the blood-brain barrier
or via intake of drugs that have sedation as
one of their side effects e.g. propranolol. It
is normally treated by correcting the causes
or simply by having adequate sleep (Chase,
et al., 1983; Mahowald, et al., 2009). The
timing of this disorder is not specific. It can
occur while reading, working, driving a car
or even during sexual activity!! The most
prone subjects are shift labours who don’t

sleep well before they start their work.

c. Insomina:

Insomnia is encountered by more than
20% of the population. It is most common
in subjects confronted with life stress or suf-
fering from chronic diseases, asthma, de-
pression, peptic ulcers, arthritis, anger and
fear especially in the elderly and females.
It is simply defined as difficulty in falling
or staying sleep. It may also be observed
as frequent awakening during sleep or short
sleep times (Chase, et al., 1983; Mahowald,
et al., 2009).

13. DREAMING DURING SLEEP
Although various reports consistently

linked the experience of human dreaming
during sleep with the REM sleep yet recent
reports presented evidence that dreams can
occur in both phases of sleep and even at the
onset of sleep (Admin, 2003; Rosenlicht, et
al., 1994). Thus, dreaming is shown to oc-
cur at the onset of sleep (the first minutes)
in babies, children, napping adults and in
patients with narcolepsy. In this connection
it should be recalled that in infants and ba-
bies, all of their sleep is of the REM sleep
(Siegel, 1999) and that in narcoleptic pa-
tients the EEG at the onset of sleep is of the
REM type. Dreams can also occur in the
non REM sleep (Admin, 2003; Rosenlicht,
etal., 1994) and the REM sleep phases (Ad-
min, 2003; Rosenlicht, et al., 1994).

Generally in humans all age groups
do dream during sleep. Even those who
are congenitally blind do experience audi-
tory dreams. Although it was previously
believed that the time in dreaming is com-
pressed i.e. dreaming takes seconds but de-
scribing the dream takes several minutes,
yet recent evidence points to the fact that
time in dreams is not compressed and that
time taken to narrate a dream correlated
very well with the time taken to experience
the whole dream.

Regarding dreams recalling in the
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morning—after, many people insist that they
never dream as they cannot remember any
dream. It should be noted that dream recall-
ing is directly related to the time of awak-
ening following the experienced dream in
the REM sleep. Indeed Kleitman observed
that if a dreamer is awaken more than 10
minutes following the end of his dream, the
probability of forgetting the dream is more
than 90%!! (Kleitman, 1963). To recall
dreams one should have a highly active hip-
pocampus to store the dream rapidly in the
short memory to be transferred later to the
permanent memory in the cortex.

One question related to dreams is do
dreams serve any useful function for the
human being? To answer this question we
have to note that some dreams are mere re-
flections to what one sees in his awakening
hours, some dreams are a gift from God to
discharge tensions and harmful impulses
whereas other peoples are highly privileged
by dreaming for future events that actu-
ally come true. Such type of dreams usu-
ally alert the fortunate dreamer to be careful
about certain aspects of his acts in the com-
ming few hours, days or even months. By
such types of dreams one can arrange and
prepare himself for the appropriate actions
to take if he is confronted by his real dream
in action. Furthermore it can also be point-
ed that dreaming may also act to enrich chil-
dren or even adults skills in solving certain
problems in life and probably enhancing the
capabilities of digesting or assimilating new
knowledge. Thus, no one of us wants to
be deprived of dreams in his sleep. Indeed
thirty five years ago Ernest Hartman wrote
“dreaming is essential for normal personal-
ity functions and stable behaviours (Hart-
man, 1973). Dreaming indeed is a fruitful
outcome of indulging in sleep. For this pur-
pose many people thought for foods, drugs or
chemical or herbs to increase the probability
of experiencing enjoyable dreams. Some of

the knowledge gained in this regard includ-
ed consumption of cheese, tryptophan-rich
foods and vitamin B, supplements, nutmeg
or even glutamine and choline-rich herbs.
Some peoples revealed that these foods ful-
filled the hopes.

Finally, it is hoped that this concise re-
view together with the previous widely scat-
tered reviews (Maquet, et al., 1997; Admin,
2003; Mc Ginty, et al., 1990) may help the
reader to gain the recent understanding of
the pharmacological and neurophysiologi-
cal developments in the field of sleep in the
animal kingdom.
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Floral Biology and Visitors Behaviour of Caralluma
Acutangula (Decne.) N.E.Br. in Jazan Region, Southwestern
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Abstract

Caralluma acutangula (Decne.) N.E.Br. is one of the most succulent species of
Asclepiadoideae(Apocynaceae) in the Tihama hill slopes of Jazan, Southwestern Saudi
Arabia. The flowers of the plant attract many visitors, some of which are pollinators which
are represented by Diptera, especially from families Muscidae, Sarcophagidae, and Cal-
liphoridae. To attract the pollinators flowers use mimicry and deception for brood and food
site (Sapromyophily) thus the female flies are the most frequent visitors. This mimicry with
structure of flowers affects the behaviour of flies and leads to the attachment of pollinia to
the proboscis and transfers them to receptors (guide rails). Other visitors are butterflies,
represented only by Plain Tiger (Danaus chrysippus — Nymphalidae) whose larvae feed
on flowers. Some predators of Thomisidae spiders hide between flowers to catch Diptera
prey. This study sheds some light on a complex system between flowers and their visitors
in arid habitats.

Keywords: Caralluma acutangula,Flowers,Diptera,Mimicry, Pollination,Danaus chrysip-
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pus, Thomisidae.Jazan,Saudi Arabia.

1. INTRODUCTION

The Asclepiadoideae (subfamily Apocy-
naceae) constitute a group showing com-
plex floral structures and pollination in
angiosperms (Kunze,1991; Albers and
Meve,2002). Caralluma is a stem succulent
genus of Asclepiadoideae, comprises about
60 species distributed in arid and semiarid
regions of Africa and Asia (Bruyns,2000b;
Miiller and Albers,2002; Gilbert,2003). In
Saudi Arabia, this genus is represented by
6 species, restricted to the southwestern part
of the country (Miiller and Albers,2002;
Masrahi,2011).

Reproduction success in higher plants
depends on the activity of pollinators in pol-
lination. The flowers of many angiosperms
have evolved many intricate mechanisms to
attract pollinators including highly scented
floral parts, mimicry of brood and food sites,

colour patterns, and structural morphologies
(Faegri and Van der Pijl,1979;Sakai,2002).
On the other hand, some flowers repre-
sent sites to attract many kind of visitors
vary in the behavior, some of them are
pollinators,while others prey on the pollina-
tors or even feed on the flowers itself (Du-
kas,2004).

No studies have been published on pol-
lination and flower visitors of Caralluma,
except some scattered observations (see
Meve and Liede,1994), compared with
other genera like Asclepias, Calotropis,
and Ceropegia (Kunze,1991 and references
within; Masinde, 2004).

This study documents floral biolo-
gy and visitors behaviour in Caralluma
acutangula,which represents one of the
most succulent species of Asclepiadoideae
in Southwestern Saudi Arabia.

(*)E-mail: ymasrahi@gmail.com
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2. MATERIALS and METHODS
Study species and sites

Caralluma acutangula is a perennial erect
stem succulent, 0.4-1m tall. Flowers are
crowded in terminal dark globose heads
on stems. Flowers bloom after summer
rain,from July- October. Field observations
were conducted in rocky habitats (Tihama
hill and slopes), 3 km east of Abu-Arish
city,Jazan district,southwestern Saudi Ara-
bia, between 100-400 m a.s.1. Plant distribu-
tion is patchy in these areas, where the plant
grows in microhabitats between rocks and
beneath shrubs. Average annual tempera-
ture is 32.3°C , whereas annual rainfall is
between 186-328 mm . The study was car-
ried out in the flowering stage of summer
rainfall (July-October 2010).
Flower morphology

Flower morphology was described based
on concepts of Asclepiadoideae (Liede and
Kunze,1993; Meve and Liede,1994). Flow-
ers were collected from the field and imme-
diately transferred to the laboratory to be
examined under stereomicroscope.
Flower visitors and their behaviour

Sampling (in total 104 flowers) was under-
taken in the period (07:00 a.m. — 16:00 p.m.).
At the same times, the behavior and move-
ment of the visitors were observed closely.
The frequency of visitors were recorded as
(very frequent, frequent, infrequent) (Taroda
and Gibbs,1982). Specimens collected were
killed in chloroform tubes (insects bearing
pollinia) and examined immediately under
stereomicroscope or preserved in 70% etha-
nol for subsequent examination. Samples
were identified by Amoudi(1997) in the case
of flies ; Larsen(1984) in case of butterflies;
Taher and Faragalla (1990); Hawkeswood
(2003) in case of spiders (at family level).
Statistical Analysis
Data of visitors are represented as mean =+
SE (visitors to N of flowers = 104). Statis-
tical significance was evaluated using Stu-

dent’s t-test.

3. RESULTS
Flower morphology

Flowers of Caralluma acutangu-
la are arranged in dark large globose
heads,pseudumbles inflorescence (fig.1,A).
Flowers emit fetid scents,resembling rotten
meat or decaying organic matter. The single
flower consists of five petals(corolla lobes).
The surface of the corolla lobe is wrinkled.
The corona (the centre of the flower) in-
cludes white coloured stigma head sur-
rounded by five staminal coronas. Five pol-
lination units, the pollinia,are located on the
margins of the stigma head, just above guide
rails. Guide rails represent narrow slits (to
received pollinia)(fig.1,E). These guide rails
produce droplets of nectar as seen under the
microscope. The droplets drop and accumu-
late in the nectar cavity below the guide rail
(fig.1,C).

Pollination and visitors behavior

C. acutangula flowers were visited mainly
by insects in orders Diptera and Lepidoptera
as well as Arachnoidae (Thomosidae-crab
spiders).

Diptera were the most frequent visitors
to flowers (table 1.) followed by Plain Ti-
ger butterfly (as observed by larval stage
feeding on flowers), and finally crab spiders
(Thomisidae).

Diptera visitors belonged to three fami-
lies: Muscidae, Sarcophagidae, and Calli-
phoridae. Female were more frequent than
males (P<0.001) except Chrysomya margi-
nalis which male and female were equall in
percentage of visiting (fig. 2.).

The behavior of all fly species was al-
most similar whereby the fly lands on the
flower attracted to the corona at the center
of the flower. In order to reach the nectar
cavities inside,the fly then extends its pro-
boscis and probe the surface of these narrow
chambers which are wide enough only for
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the proboscis (fig. 1,B). This activity leads
to attachment of the pollinia to the probos-
cis (fig.1,D). In all cases,pollinia were found
attached only to the proboscis. Upon repeat-
ing this process with the nectar cavity of
another flower, the pollinia enter the slit of
guide rail and hence the flower ensures pol-
lination (figl, F). No pollinia were ever de-
tected adhering to the bodies of other groups
of visitors.

Other visitors to the flowers of C. acutan-
gula were the Plain Tiger butterfly (Danaus
chrysippus-Nymphalidae) and crab spiders
(Thomisidae)(fig.3). Larvae of D. chrysip-
pus were frequently found on flowers and
feed on corolla lobes (fig.3,A). The duration
of feeding behavior is not included in this
study. On reaching maturity,the larvae left
the flowers to search for suitable pupation
sites (usually part of the stem just below the
flowers-fig.3,B,C).

Thomisidae spiders were infrequently
found on the flowers. They hide between
flowers in inflorescence, waiting for Diptera
prey (fig.3,D.E).

4. DISCUSSION

Faegri and Van der Pijl (1979) have distin-
guished two types of pollination syndrome
for fly-pollinated flowers: myophily and
sapromyophily. General features of myoph-
ily are simple structures ,light colours, im-
perceptible odour,easy access to nectar and
exposed sexual organs (anthers and stigma).
Sapromyophily is characterized by dark
or brown-purple colour (or blotched dark
spots), pollination units frequently have
great depth, and odour resembling that of

decaying organic matter. Attraction in sap-
romyophilous flowers is by deceit, with flies
confusing the flowers for decaying organic
matter as a suitable brood and food site
(Faegri and Van der Pijl,1979; Dafni, 1984;
Jurgens et al.,2006). Typical examples of
sapromyophily are found in the genera
Stapelia  (Apocynaceae-Asclepiadoideae),
Arum (Araceae), Rafflesia (Rafflesiaceae),
and some Orchids (Kevan and Baker,1983;
Beaman et al.,1988; Albre et al.,2003).

On the basis of the above concepts,the
flowers of Caralluma acutangula belong to
sapromyophily syndrome since they have
dark colour, pollination units not exposed,
and odour resembling that of decaying or-
ganic matter.

In entomophillous flowers,structures vary
and are adapted to fit the structure and be-
havior of insect pollinators. By analogy,
flower-visiting insects have many modifi-
cations to get flower attractants (nectar and
pollen) especially in the mouthparts (Krenn
et al.,2005). Flowers of C. acutangula
don’t have easy access to nectar and pol-
linia, so they must have many adaptations in
shape,colour and odour to attract pollinators.
Pollinators of C. acutangula are flies from
families Muscidae,Calliphoridae, and Sar-
cophagidae. These flies have a short probos-
cis. Most flower-visiting Diptera with a short
proboscis take nectar from flowers with open
and easily accessible nectarines (Bracken-
bury,1995; Krenn et al.,2005). On the other
hand,flies of Muscidae,Calliphoridae, and
Sarcophagidae,especially species visiting C.
acutangula flowers, common in slaughter-

Table.1. Frequencies of visitors for flowers of C. acutangula

Visitors Frequency
Flies Very frequent
Plain tiger butterfly Frequent
Crab spiders Infrequent
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Fig.1. A. Caralluma acutangula in its natural habitat. B. Musca domestica on a flower. C.
L.S. in the flower. D. Pollinia attached to Musca domestica proboscis. E. guide rail. F. Guide
rail after entrance of pollinium (L.S) (arrows indicate germination tubes). (abbreviations in
C. cl. Corolla lobe, gr. guide rail, sh. stigma head, nc. nectar cavity, sc. staminal corona, o.
ovary, s. sepal).
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houses and garbage dumps, being share in
attracted to meat in which the eggs are de-
posited (Buttiker et al.,1979; Gadallah and
Bosly, 2006). Flowers of C. acutangula with
odour resembling rotten meat (or carcasses),
and appearance with dark colour and wrin-
kled surfaces, mimic brood and food sites of
these flies.

After the attraction and landing on the
flowers, the fly may try to search for a suit-
able location to lay eggs(most of flies visit-
ing are females). In the behaviour of laying
eggs in females, choosing a site correlates
to two stimulators: general stimulator to
site (odour) and special stimulator to spe-
cific location (particular concentrations of
cations in excretion decaying matter sensed
by receptors on ovipositor of the flies)
(Rice,1977; Byrd and Castner, 2001; Amendt
et al.,2004). Therefore, fly females can-
not lay eggs on dry decaying matter ( Byrd
and Castner,2001; Amendt et al.,2004). In
our field observations,we did not observed
eggs on the flowers, which may confirm the
above mentioned. Flowers of C. acutangula
seem to mimic general stimulator to brood
site (odour), whereas the dry appearance of
corolla lobes surfaces does not motivate the
special stimulator to lay eggs.

Nectar in most succulents of Asclepiad-
oideae is found in the guide rail and flows
to the bottom of the nectar cavity(Meve and
Liede,1994; Bruyns,2000a). Nectar cavities
of C. acutangula are narrow,and nectar is not
easily accessible. In this case, the presence
of nectar may be detected by taste sensory
organs on the fly’s labellae, maxillary palps
and tarsi. Touching of these organs, espe-
cially tarsi, with flowing nectar stimulates
the proboscis to extend and probe (Chap-
man,1971; Daly et al.,1978; Vogel,1983).
On searching for nectar in the nectar cavity,
the fly must extend its proboscis in this nar-
row chamber and probe cavity surfaces. This
behavior leads to attachment of pollinium

to the proboscis. On repeating this process
with another cavity, the chance is suitable to
entrance of pollinium into the guide rail, and
thus the flower ensures pollination. The de-
pendence on flies for pollination seems to be
an adaptive strategy, because these insects
are widespread, prefer high temperatures,
and are present at all times of the year (Biit-
tiker et al.,1979; Faegri et al.,1979).

Another visitor to the flowers of C. acu-
tangula is the Plain Tiger butterfly (Danaus
chrysippus-Nymphalidae). It is well known
that butterflies of Danaus spp. feed exclu-
sively on poisonous plants of Apocynaceae
(especially Asclepiadoideae) which contain
cardiac glycosides (cardenolides) (Lars-
en,1984; Zalucki and Brower,1992; Mebs
et al.,2005). The larvae sequester these poi-
sons and pass them to the adults in concen-
trated form. Small mammals and birds re-
act with vomiting when they attempt to eat
them (Mebs et al.,2005). The female of D.
chrysippus lays eggs on the flowers. After
hatching, larvae feed on corolla lobes. It is
not known if the flowers of C. acutangula
contain cardenolides or not. Some samples
of D. chrysippus feeding on Apocynaceae
plants do not contain cardenolides (Mebs et
al.,2005) indicating a lack of them in eaten
plant parts. On the other hand,some chemi-
cals (like flavonol glycosides) in Apocyna-
ceae plants act as oviposition stimulants for
Danaus spp.,which means that recognition
of host plants by these butterflies depends
on the unique chemistry of these plants
(Haribal and Renwick,1998). Existence of
the larvae on the flowers of C. acutangula,
not on any plant species in the same habitat,
confirm the above mentioned.

Crab spiders (Thomisidae) are infre-
quently found on flowers (as compared with
other visitors). This observation may be
misleading, because these spiders hide in
flowers (below petals), especially light co-
lour species (Hawkeswoo0d,2003). They sit
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Fig. 3. A. Larva of Danaus chrysippus feeds on a flower of C. acutangula . B. Pupa on a
stem of C. acutangula. C. The adult butterfly is shown minutes after it emerged from the
pupa. D,E. Thomisidae spiders on the flowers (in E spider has caught and is feeding on
Musca domestica).
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Fig.2. Percentage of sex in Diptera visiting to flowers of C. acutangula

motionless to wait for landing insects, and
then seize them by strong front legs,bite and
inject a rapidly acting poison (Foelix,1996).
Crab spiders represent most frequent am-
bush predators that sit on or near the flowers
(Dukas,2004). Crab spiders respond to the
floral signals in the same manner as polli-
nators, including olfactory signals (Aldrich
and Barros,1995; Heiling et al.,2004).
Flowers of C. acutangula represent three
types of plant-visitors interactions :
1-Seduction and deception of Diptera for
pollination,

2-Predation of flowers (larvae of D. chrysip-
pus),

3- Act as an attractive microhabitat to insect
predators (Thomisidae spiders).

These three types of interactions seem to
share in the same manner of visitors attrac-
tants: olfactory and chemical signals, and
we emphasize that further work is required.
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